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StarSense 
TECHNOLOGY 


Automatically align 
your Celestron 

telescope with our 
StarSense Accessory! 


The revolutionary technology in 
the award-winning SkyProdigy 
telescope Is now available for 
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almost every Celestron 
computerised telescope. 
Align and control your 
Celestron telescope ~ 
i i S Link 
» Wirelessly using your oe 
iPhone or iPad! = 


Celestron’s innovative new SkyQ Link WiFi Module turns 
your iPhone or iPad into your own personal planetarium 
and observatory! 
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: F1 Telescopes Green Witch (South) 
STOCKIST 
‘CELESTRON’ Sittingbourne Bedfordshire 
- SUPERCENTRES 01795 432702 01767677025 
Astronomia Green Witch (North) Widescreen Centre 
Dorking West Yorkshire Central London 
01306 640714 01924 477719 020 7935 2580 


and specialist dealers nationwide 


WWW.celestron.uK.com 


Celestron®, SkyQ™ and StarSense™ are trademarks or registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. 
All rights reserved. David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 
AppStore is a trademark of Apple Inc. 















We've explored some 


magazine, including large 
quasar groups, theoretical 
stars and the cousin of our 
ohm ion lelecnaencmasloalaee 





astudy not of some 


anomaly we have observed and don't understand, 


but of something we are yet to observe made 
conspicuous by the gap it leaves in space and 
by the things that we know it isn't. Discovery 
in astronomy is often a case of eliminating the 


impossible to arrive at the truth, and the study of 


dark energy epitomises this process. 


“You can imagine an 
outpost on Mars as 
datomalo¢m (ocd (eel asic Om 


Michael Raftery, director of ISS Utilization 


and Exploration at Boeing 


AA v “bh 
Z 


— ) = Ps 
ae 


eile 


® 





www.spaceanswers.com 


Launch yourself into 
the wonders of space 


esoteric topics over the last 
21 issues of All About Space 


dark matter. But dark energy 
is areal stretch for scientists: 
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af.2¢ Visit us for up-to-date news and more 





We're not going to leave you floating around in 
some distant corner of the universe for too long, 
though, as weird space science can tie the brain 
in knots when you dwell on it for too long, so we 
have a few more tangible topics to sink your teeth 
into. The perfect antidote to the conundrum of 
dark energy, our space answers feature gets a 
panel of experts to explain the solutions to the 
most pressing former space mysteries of recent 
years. We're also investigating the supermassive 
black hole at the core of our galaxy (surely one 
of everyone's favourite subjects?), a beast of 
PESISUINOLM AUR r LCM OTLMOOToR ECON B Kec neh ale) s 
gobbling up a giant gas cloud. 

And within the influence of our own planet, 
Boeing director Michael Raftery fills us in on 
the future of Solar System exploration witha 
revolutionary concept that could see manned 
orbital platforms around Mars and other planets 
within our lifetime. Enjoy! 
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Some truly 

jaw-dropping 
photography and 
incredible tales from the 
spheres of space and 
Space exploration 


FEATURES 


What is 
dark energy? 


We speak to scientists about how the 
Dark Energy Survey could change how 
we think about the universe 












Building the 
Sunjammer 


L-Garde president Nathan Barnes tells 
us about his ambitions for a revolution 
in solar sail spacecraft 










@ 
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What the invisible and deadly 
spectrum of the Sun tells us 
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telescope 


Inside the world's biggest telescope 
and its extraterrestrial search 
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The laser sail technology that could Our 
propel us into outer space bl ac 


20 top space 
questions 
answered 


Your 20 most pressing questions about 
Space answered by an expert panel 
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Discover the supermassive singularity 
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The Sunjammer 


Find out about the world’s biggest 





solar sail, due to launch this year 
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“We can deploy and steer a solar sail 
that’s larger than any ever flown" 


| | 5 8 Nathan Barnes, 
) L-Garde president 
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Kick-start your star-watching 
hobby with these basics 


20 greatest | 

stargazing sites 
Take a tour of the most inspirational 
certified dark sky sites on Earth 


What's in the sky? 


See what to look out for this month 


How to Keep a 

stargazing logbook 
We show you how to record and learn 
from your night sky observations 


Me and m 
telescope 
Check out the array of incredible shots 
from All About Space readers 


Astronomy kit 
reviews 
This month: an astrophotography 
telescope and our regular kit roundup 







of Space 
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Moon-set 


Flying around the Earth on the International Space Station 

at 28,000 kilometres per hour (17,398 miles per hour), 
European Space Agency astronaut Luca Parmitano snapped 
this photo of the Moon setting over the Earth's horizon. He 
would have had a lot of opportunities to do this, many more 
than on a standard Earth timeline, because the speed the ISS 
orbits at means the crew experience 16 sunrises and sunsets 
for every one of the Earth. Luca himself spent nearly six 
months on board, which would have meant he would have 
witnessed around 1,400 Moon-sets. 
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Zodiac giant 
The main galaxy featured here is the lenticular NGC 4866, which is around 80 
million light years from Earth. Around it is a large gathering of spiral, elliptical 
and irregular galaxies, some edge-on. NGC 4866 can be found in Virgo, the 
biggest zodiac constellation in the sky and the second largest constellation 
after the southern hemisphere’s Hydra. This image was snapped by Hubble's 
Advanced Camera for Surveys, an extremely sensitive device used in creating 
the Hubble Ultra Deep Field images that can image anything from objects 
within our own Solar System to quasars billions of light years away. 
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Birthday 
reflection 


It's 4 December 1998, a historic 
moment in space: James H Newman, 
NASA astronaut on mission STS- 

88, prepares for the release of the 
first combined elements of the 
International Space Station. He clings 
to the Russian-built Zarya module 
while the first NASA contribution 

to the ISS, Unity, is released by the 
Space Shuttle Endeavour (which 

can be seen reflected in Newman's 
visor). Newman performed three 
spacewalks with fellow astronaut 
Jerry Ross on this mission, totalling 
21 hours and 22 minutes. The 
primary objective of his mission 

| was to connect power and data 
~% umbilicals between Zarya and Unity. 
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) | Puppis show 


, " Taking centre stage,in this image is RS Puppis, an enormous Cepheid 
variable star ten times more massive, 200 times larger and 15,000 times 

brighter than our Sun. The star, which is a white F-type main sequence star 

in stellar spectral classification, is found 6,500 light years from Earth and 

.cafi be seen in the Puppis constellation from the southern hemisphere. 

RS Puppis is surrounded by a cloud of gas and dust that reflects its light, 

al which brightens and dims in regular six-week intervals. This image was 
shot by Hubble and shows a light echo travelling across the nebula. 
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Planet found ™ 
around Sun's t 


A Jupiter-like.exoplanet has been distovered around a 


twin ot detems)ETOM IO MUS tM@)\CIeRG@)UIIICIM\y (oY Am 


An ca orbiting a star almost 
identical to our Sun has been found 
in the star cluster Messier 67 some 
2,500 light years away. Along with 
two other planets orbiting other stars 
in M67, aes are very rare planets, 
being among the first alien worlds to 
be found in star clusters. 

- Star clusters are crowded groups of 
hundreds of stars. M67 especially is 
important for astronomers studying 
both stars and planets and how they 
form, because its stellar residents are 


roughly the same age as our own Sun. 


“This makes it a perfect laboratory 

to study how many planets form in 
such a crowded environment, and 
whether they form mostly around 
more massive or less massive stars,” 
said astronomer Anna Brucalassi who 
works at the Max Planck Institute for 
Extraterrestrial Physics in Germany 


and was the lead scientist on the * 
discovery of*these planets. Her team 
of astronomers used the HARPS 
(High Accuracy Radial velocity | 
Planet Searcher) instrument, which is 
attached to the 3.6-metre (11.8-foot) 
telescope at the European Southern 
Observatory (ESO) in Chile. HARPS 
is able to detect the mini-motions of 
stars as their planet’s heft tugs on 
them and causes them to wobble. 
All the planets are gas giants like 
Jupiter and not rocky planets like 
Earth. One of them orbits an elderly 
red giant, while the other two orbit 
younger stars. One of the stars is 
almost identical to our Sun with 
astronomers referring to it as our 
Star's twin. It is the first time that 
a planet has been found around a 
Star so similar to our Sun and this 
is important because the same 


processes and chemical composition 
that built the Earth and the other 
planets in our Solar System may 
have been repeated around this star. 
Astronomers wonder if this star could 
have other worlds more like Earth. 

“These new results show that 
planets in open star clusters are 
about as common as they are around 
isolated stars - but they are not easy 
to detect,” said ESO astronomer Luca 
Pasquini. “The new results are in 
contrast to earlier work that failed to 
find cluster planets, but"agrees with 
some other more recent observations. 
We are continuing to observe this 
cluster to find how stars with and 
without: planets differ in mass and 
chemical make-up.” 

If you have a telescope you should 
be able to see M67 during the spring 
in the constellation of Cancer. @ 
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NASA to keep 
space station 
ive until 2024 


Astronauts will be able to visit the 
ISS for the next ten years as NASA 


announces it will continue to fund it 


NASA has extended the life of the 
International Space Station (ISS), 
meaning that astronauts will continue 
visiting the orbiting outpost until 

at least 2024 and possibly longer. 

The announcement came at the 
International Space Exploration Forum 
in Washington DC, which saw all the 
leaders from 35 countries with space 


programmes meeting for the first time 
to talk about how space can benefit us. 
NASA and other countries began 
work on the ISS in 1998 and it can be 
seen from the ground as a brilliant 
moving light. It carries crews of six 
astronauts on rotation and British 
astronaut Major Timothy Peake is 
currently training with the ESA to fly 
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“Similar processes that built 
the Earth may have been 
repeated’around this star’ 











to the ISS next year. The space station 
already had enough funding to keep 
operating until 2020, but now the 
extension means that other future 
British astronauts may have a chance 
to go. NASA spends about $3 billion 
(£1.8 billion) per year on operating 
the ISS. Without the Shuttle, NASA 
and the ESA rely on Russian Soyuz 
capsules to take astronauts to the ISS. 
“NASA is committed to the space 
Station as a long-term platform to 
enable the utilisation of space for 


“We're committed 
to implementing 
a unified strategy 


of deep space 
exploration” 


Charles Bolden, NASA 


www.spaceanswers.com 


global research and development,” said 
NASA's administrator Charles Bolden, 
who used to be an astronaut himself. 
“We're committed to implementing 

a unified strategy of deep space 
exploration, with robotic and human 
missions to destinations that include 
near-Earth asteroids, the Moon and 
Mars. And we are committed to our 
international partnerships and the 
continued peaceful uses of outer space 
and unlocking the mysteries of our 
vast universe.” @ 
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Take a journey into nature like no 
other with the third instalment of 
World of Animals magazine 


World of 
Animals 
issue three 
on sale 
now! 


From the sloths of the Amazon 
rainforest to the polar bears of the 
Arctic Circle, World of Animals 
is anew monthly magazine from 
the makers of How It Works and 
All About History that takes a 
unique look at wonderful wildlife 
from all over the globe. 

With breathtaking photography, 
captivating stories and stunning 
illustrations, each issue offers the 
safari of a lifetime, taking readers 
on a fact-filled tour of the planet's 
favourite wildlife and exploring 
the habitats, behaviour and 
societies of all Earth's creatures. 

In issue three you'll follow a 
wolf cub’s fight for survival, get 
up close and personal with the 
king of the jungle - the lion - and 
discover that some animals are 
not that different to us at all, as 
World of Animals witnesses 50 
of their human-like behaviours. 

World of Animals magazine 
can be found alongside digital 
editions for iOS and Android 
available from greatdigitalmags. 
com and is accompanied 
by a brand-new companion 
website: animalanswers.co.uk. 

Be sure to connect on Twitter 
@WorldAnimalsMag and 
Facebook at facebook.com/ 
worldofanimalsmag and let the 
team know what you'd love to see 


& in forthcoming issues. @ 
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Black hole 
swallows star 


A bright X-ray flare seen by 
NASA's Chandra X-ray Observatory 
may have been the death cry of 

a star being swallowed by a black 
hole in a distant dwarf galaxy. The 
X-ray flare lasted six years and 
came from a galaxy 800 million 
light years away. 


Storms on 
brown dwarfs 


NASA's Spitzer Space Telescope 
has been observing the 
atmospheres of brown dwarf 
Stars in infrared light and has 
found that most of these failed 
stars have patchy cloud and some 
might even have giant storms like 
Jupiter's Great Red Spot. 


New camera 
photographs 
exoplanets 


The Gemini Planet Imager has 
begun work as the world's most 
powerful camera for imaging 
exoplanets. It can image planets 
orbiting other stars and has 
already taken a picture of a planet 
around the star Beta Pictoris. 


NEOWISE finds 
first asteroid 


NASA's NEOWISE telescope has 
found the first asteroid of its new 
mission to hunt out killer asteroids 
that could potentially threaten 

life on Earth if they impacted. 

The new asteroid is called 2013 
YP139 and is about 650m (2,133ft) 
across and comes as close as 
482,800km (300,000mi). 






























NASA's Hubble Space Telescope has 
captured the smallest, faintest and 
most numerous galaxies ever seen 


Hubble finds 
missing star 
formation 


The Hubble Space Telescope has 
found where most of the stars 
originated from when the universe 
was very young. NASA’s orbiting 
eye in the sky has found 58 small 
and faint galaxies that existed in 
the universe more than 10 billion 
years ago, but although they are 
small these tiny galaxies have a big 
impact as they are sporting large 
amounts of star formation. 

“There's always been a concern 
that we've only found the brightest 
of the distant galaxies,” explained 
study leader Brian Siana of the 
University of California, Riverside. 
“The bright galaxies, however, 
represent the tip of the iceberg. We 
believe most of the stars forming 
in the early universe are occurring 
in galaxies we normally can't see 
at all. Now we have found those 
‘unseen’ galaxies, and we're really 
confident that we are seeing the rest 
of the iceberg.” 

These galaxies were seen with 
the help of nature's magnifying 
glass, a gravitational lens made 
by the titanic mass of the galaxy 
cluster Abell 1689 in the foreground. 
The cluster is so massive it bends 
space so that light from the mini- 
galaxies further away is bent and 
magnified, making it easier for 
Hubble to see them even though 
they are 100 times fainter than 
other larger galaxies found at similar 
distances. The galaxies are small, 
just a few thousand light years 
across with irregular shapes, but 10 
billion years ago they made most of 
the stars in the universe. @ 
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Black hole could 
light up the sky as 
it feeds on small 
gas cloud 


A gas cloud has been spied hurtling 
towards the black hole at the centre 
of the Milky Way and it could cause 
fireworks this spring as it reaches its 
closest point to the black hole. 

The cloud is called G2 and was first 
spotted by keen-eyed astronomers in 
Germany in 2011. It is the first time 
that anyone has seen a cloud get 
so close to the black hole. In other 
galaxies with active black holes, gas 
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Stars spotted | 


eT NSirenslorestaee have found stars moving 
fast enough to escape from our galaxy 


Seme stars like to live fast lives 
Vale ma le) eloM OAV cms (one Mr cicc ame ee- De mals 
‘hypervelocity’ stars that are on a race 
out of the Milky Way and have been 
found by American astronomers, but 
the location of their starting line is a 
mystery. The stars must be moving 
at over 1.6 million Katleyanaacocn el! 
million miles) per hour to reach their 
finishing line beyond the Milky Way. 
The stars were found by 
astronomers Lauren Palladino 
and Kelly Holley-Bockelmann at 
Vanderbilt University in Nashville, 
Tennessee in the USA. Astronomers 


#Woteeeel Elen (ees sia ee: (3 
avtere Moya dale al is 
X-ray Telescope 


clouds are falling into their black holes 
causing them to release lots of energy 
and to shine brightly. Astronomers 
call these quasars and are wondering 
if something similar will happen to 
our black hole, which is known as 
Sagittarius A-star, or A*. 

“I would be delighted if Sagittarius 
A* suddenly became 10,000 times 
brighter. However it is possible that 
it will not react much - like a horse 
that won't drink when led to water,” 
said Jon Miller from the University of 
Michigan. “If Sagittarius A* consumes 
some of G2, we can learn about black 
holes accreting at low levels. It is 


have caught speeding stars before, but 








they had all come from the middle of 
the galaxy where they had been sped 
up by interacting ‘with the gravity of 
the black hole. These new stars are 
different, however. 

“These new hypervelocity stars are 
very different from the ones that have 
been discovered previously,” said 
Palladino. “The original hypervelocity 
stars are large blue stars and appear 
to have originated from the galactic 
centre. Our new stars are relatively 
small - about the size of the Suh - 
and the surprising part is that none 
of them appear to come from the 
galactic core.” @ . 


L) 






potentially a unique window into how 
most black holes in the present-day 
universe accrete.’ 

The doomed gas cloud is being 
stretched by the black hole's strong 
gravity that is twisting it like putty 
and the head of the cloud has already 
begun moving around Sagittarius A*, 
but most of the cloud won't reach the 
dark centre of our galaxy until this 
March. Jon Miller is leading a team 
who are using NASA's X-ray-viewing 
Swift telescope to hunt for X-rays 
from the cloud that will tell us if it is 
heating up as it comes close to the 
black hole. @ 
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What is dark energy? 


It seeps through every pore of the universe; an 
energy that permeates through anything and 
everything that stands in its way. Yet while it 

seems to be everywhere, this ‘dark energy’ almost 
behaves like some mythical beast that even our best 
equipment fails to catch. This mystery force seems 
to be pushing the galaxies that pepper the cosmos 
further and further apart, driving the very expansion 
of time and space from the moment everything that 
we know popped into existence. 

Importantly, it is causing this expansion to 
accelerate, with the universe expanding at an ever 
faster rate rather than a decreasing rate, which is 
counter-intuitive given the fact that the Big Bang 
was 13.8 billion years ago. Dark energy could even 
decide the fate of the universe; if it keeps up then 
within 3 trillion years all the other galaxies in the 
universe will have moved so far away from the Milky 
Way with the cosmic expansion that we won't be 
able to see them any more and the universe beyond 
our galaxy will be dark. If dark energy increases 
its grip on the universe, it could not only pull 
galaxies away from each other, but pull the fabric 
of space apart, right down to the level of atoms - a 
catastrophic ‘Cosmic Rip’. 

Extraordinarily, dark energy makes up an 
astonishing 68.3 per cent of all energy in the cosmos. 
We do not know what it is yet, though, we just 
know that it's there. After all, the supernovae and 
galaxies as well as the static that also fills the entire 
universe - the cosmic microwave background (CMB) 
radiation - are indicating as much. And it is in these 
places that astronomers have been looking for the 
energy that has eluded them for so long. However, 
with clues come questions and these are puzzles 
not to be taken lightly. What the universe is actually 
doing - its expansion speeding up - is causing a 
tug of war between reality and Einstein's theory of 
general relativity. The pair refuse to agree - according 
to Albert Einstein, the father of physics’ rules, gravity 
should be slowing everything down. With that in 
mind, we need to get to the energy that’s throwing 
what we believe into disarray - we need to probe 





The Dark Energy Survey's 

DECam can take 570-megapixel 
imagesito carry out its search 
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What is dark energy? 


the universe that’s moving away from us in order to 
uncover dark energy’s true nature. And we need to 
use the objects in it to do it. 

What astronomers are hoping will be their ace card 
is sitting high up in the Chilean Andes and has been 
affixed to the Blanco four-metre (13-foot) telescope 
at Cerro Tololo Inter-American Observatory - the 
DECam, a highly sensitive dark energy camera that’s 
carrying out the Dark Energy Survey, or DES, for short. 

As of September 2012, the Dark Energy Survey 
is the new kid on the block when it comes to 
attempting to unravel dark energy - joining 
forces with Antarctica’s South Pole Telescope, 
the Sloan Digital Sky Survey (SDSS) at Apache 
Point Observatory in New Mexico and the Vista 
Hemisphere Survey of ESO's Cerro Paranal 
Observatory in Chile. And, with well over 100 
cosmologists from 23 institutions from the likes of 
the United Kingdom, Spain, Brazil and the United 
States backing the survey, there can be no doubt that 
it certainly means business. 

The DECam - the powerhouse behind the Dark 
Energy Survey, is a master of all trades when it 
comes to searching for its quarry. Ensuring that it 
doesn't miss a thing, its multi-talented pixels don't 
just focus on one clue to dark energy's existence, its 
skill-set allows it to partake in multiple areas - namely 


the supernovae, galaxies and cosmic background 
radiation among which lurk clues to dark energy’'s 
nature. And to be successful in such a feat, the 
scientists behind DECam have ensured that the 
digital camera - which would dwarf your handheld at 
home - hasn't gone in unarmed. With 570 megapixels 
allowing it to peer great distances into space in a 
large swathe of the southern sky, DECam will try 

to uncover who will remain victorious in one of 

the biggest battles of the universe - its headlong 
expansion or the theory of general relativity - 

by snapping a map of its chosen area of sky in 
unprecedented detail. 

And the world’s most powerful digital camera 
gets to work as soon as the Sun sinks below the 
horizon, with the intention of turning its gleaming 
eye skyward for hundreds of nights over the next 
four to five years. 

“We're looking at this big galaxy map of the 
universe as a way of finding evidence for dark 
energy and characterising its nature with cosmic 
epoch,” says the head of the Dark Energy Survey 
Science Committee, Ofer Lahav of University College 
London. “An even more challenging goal for the 
Dark Energy Survey is to tell if what causes the 
acceleration of the universe is indeed dark energy or 
something entirely different.” 


“We're looking at this big galaxy map 
of the universe as a way of finding 
evidence for dark energy” ofertanav 





World's most powerful camera 


570-megapixel ® 
CCD 
Using CCDs that 
are around ten 
times thicker than 
conventional ones, 
DECam doesn't just 
have the ability to 
view large areas 
of sky but it’s also 
sensitive to red light 
from distant galaxies. 





Readout electronics @ 
An entire digital image can 
be read out and recorded in 
17 seconds flat. Such a short 
time allows the camera to 
be read out in the time it 
takes the Blanco four-metre 
telescope to move to its next 
section of sky. 


Filter-shutter system @ 


The Survey uses five filters - designated g, r, i, z and 
Y - which will let in a broad spectrum of colours 
including red, green or blue light. Comparing amounts 
of light coming through each filter gives astronomers 
an idea of how fast an object is moving away from us. 
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When the discovery of dark energy was 
announced in the late-Nineties, it came as a real 
shock to scientists concerned with the expansion of 
the universe. Astronomers knew that the cosmos 
was expanding after the Big Bang, but they thought 
that after nearly 14 billion years it would be slowing 
down. But they wanted to know the rate at which 
it was slowing down, because this could be crucial 
for the future of the universe. So two teams of 
astronomers, one led by Saul Perlmutter and the 
other by Brian Schmidt and Adam Riess, set about 
trying to measure the expansion rate using a 
particular type of supernova. 

The class of supernova that they were interested 
in were those belonging to the Type Ia category; 
two stars that were previously in an eternal tango 
where a dead star, dubbed a white dwarf, greedily 
grabs material from its larger, and more massive, 
companion. Over time, the stellar remnant bites off 
more than it can chew, and it begins to sweat under 
the amount of material that it has pulled onto itself 
before hitting the limit that causes an almighty 
explosion; the supernova that lights the way in 
finding more out about dark energy. 

What is special about these Type Ia supernovae is 
that they always have the same natural brightness 
because the limit at which the white dwarf explodes 
is always the same mass, 1.4 times the mass of our 
Sun. This makes them ideal standard candles, which 
are like constant, identical beacons that light the 
way in the universe, like distance markers. If you 
know how bright the supernovae naturally are, then 
compare them to how bright or faint they appear to 


Hexapod adjustor @ 
High-quality images are 
achieved with the help of the 
hexapod's real-time focus 
and alignment system. 


® Correcting lenses 

With the biggest of five 
Wynne-style lenses 
measuring 98cm (39in) in 
diameter and weighing in at 
172kg (380Ib), the optical 
corrector system provides a 
2.2-degree field of view while 
not needing to contribute too 
much to the image's quality. 
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‘ 
The ~y 
supernova 
snapper 


Prof Bob Nichol, 
University of Portsmouth 


How can DECam pick up light from distant 
supernovae and turn this data into information 
about dark energy? 

A Type Ia supernova is the total annihilation of 

a carbon-oxygen white dwarf star, turning all 

the mass into light. Since we know how much 
mass is roughly present, we can predict how 
bright it should be. This means we can use them 
as ‘standardisable candles’, which means we 

can manipulate them so they all have the same 


Interview 


An explosion of 

py erean eae 

The end of star's life is 
marked by a catastrophic 
stellar explosion called a 
supernova. Supenovae 
are so bright that they can 
outshine their host galaxy. 





Type Ia supernovae are used as 
candles - beacons of light that 
serve as distance markers 
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brightness at the peak of their explosion. Once we 
know their peak brightness, we can estimate their 
distance, which in turn allows us to determine how 
distance has changed with time. 

Astronomers have about 1,000 Type Ia supernovae 
they can use to measure distances in the universe, 
but it is time to collect more supernovae, and better 
ones as well. DECam is ideal for this because it has a 
bigger field of view and has better detectors allowing 
us to see deeper into space. We find supernovae by 
taking a picture of the same part of the sky every 
few days. Supernova explosions change with time, so 
we look for anything that starts getting brighter with 
time, peaks, and then fades. 


How confident are we that dark energy is the force 
behind the expansion of the universe? 

I'm 100 per cent sure about the accelerated 
expansion of the universe. What causes that is 
another matter. Dark energy is one explanation and 
probably the most popular but we are no closer to 
understanding what dark energy could be. 





Working out 
distances 

If an astronomer knows 
the luminosity of a 
supernova, then it follows 
that they can work 

out how far this great 
explosion is from Earth. 


What is dark energy? 


What are the problems that you face when using 
DECam to look at supernovae? 

The main problem is classifying the supernova event 
once we've found it. It needs to be a Type Ia to allow 
it to be used to measure distances. Unfortunately this 
classification has previously been achieved by taking 
a spectrum of the event and using that to find out 
What type it is. That isn't possible for all supernovae 
as there are too many. So, we have now developed a 
photometric method for characterising supernovae 
and recent work, done at Portsmouth, suggests we 
can control the contamination from other types to 
less than three per cent. 


What has been achieved so far with DECam and 
the Dark Energy Survey? 

We've obtained 100 nights of telescope time on the 
Anglo-Australian Telescope. This is essential to the 
success of the survey. We've also found our first 
‘superluminous supernova’. These are 1,000 times 
rarer than Type la supernovae and appear to be 100 
times brighter than any other supernova event. 





Mandl gy om ea \Y 

The flame of a candle can 

be likened to the brightness 
of a supernova. In fact, 
astronomers call them 
standard candles because 
they light the way out to great 
distances in the universe. 
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Sloan Digital By comparing the size of these grey Seats cock (Vales 


represent baryonic oscillations) to a predicted value of the 


Sk Survey 3 size of the cosmos, astronomers have been able'to estimate 


distances to galaxies more laatirlihaleV Racers tet 
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Wide-angle 

telescope 

_ The Sloan Digital 2 | } 

_ Sky Survey (SDSS) , | ~) Multi-filter camera 

— employs a 2.5m _. Inits scanning of just over 35% of 

_ wide-angle optical | the sky, the telescope’s camera is 
telescope to carry out __ equipped with 30 CCD chips that total 





_ the Baryon Oscillation 
_ Spectroscopic Survey | _ g,r,iand z - allow the camera to image 


120 megapixels. Five filters - named u, 





ete Sas of the . in a variety of wavelengths. 
project. 
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What is dark energy? 













us on the sky, you can judge how far away they must The cosmic microwave 
be relative to one another background, as observed 
by the now defunct 


What the two teams of astronomers found was Sie pe Poggi igi tee Uae ee ann Bee on pe tse en, 
astounding. They measured the redshifts of the EPP LEN DE! GOT ig Bt eh gts Bee ee Le Pia oe PRN RS 
supernovae, which told them how much their light s Brg ea be : eta he 
had been stretched into redder wavelengths by 
the expansion of the universe and found that the 


Planck Spacecraft 
4, back in 2013, isa 
-) .*. snapshot of the 

es ae 
. ee oldest light in 
: —  ouruniverse, 


supernovae were further away than they should have imprinted on 
been if the expansion of the universe was indeed the sky when 
slowing down. The results could only mean that the a the universe 
. was just 370,000 

expansion of the universe was not coming to a halt, 
years old 


but was instead speeding up. Nobody knew what 
could be causing this expansion, so they described 
this mysterious force as dark energy. Even though 
they didn't know what this dark energy was, the two 
competing teams who had raced to publish their 
results first and beat the other jointly won the Nobel 
Prize for their discovery. Today, supernovae are still 
hugely important for the same reasons and are one of 
the big aims of the DECam. 

According to our current understanding, the 
early universe was alive with the sound of cosmic 
oscillations. One way the DECam will use to measure 
dark energy links the very distant, ancient universe 
with the cosmos that we can see around us today. 
After the Big Bang the universe was a seething soup 
of particles and things like galaxies and stars and 
planets hadn't formed yet. Huge pressure waves - 
essentially sound waves sweeping through the fog of 
matter in space - washed through this plasma soup, 
and on the crests of these waves the plasma was 
denser than in the troughs. As the universe cooled 
while it expanded, these waves were frozen in place 





Spanish DES scientists with the Blanco Telescope (left to 
right: Juan de Vicente, Laia Cardiel-Sas, Ramon Miquel, Juan 
Garcia-Bellido, Enrique Gaztanaga and Francisco Castander) 


Collaborators of the Dark Energy Survey gather in front of 
DECam. Enrique Gaztanaga stands third from the right in 
the lower line with his team 





Interview 





Microwave 
listener 

Dr Ennque Gaztanaga, 
professor of cosmology at 


the Instituto de Ciencias 
del Espacio 


Where do the baryon acoustic oscillations, or 
BAOs, come from? 

They come from the very early stages of the 
universe, when it was dominated by radiation. In 
general gravity tends to amplify small primordial 
density or energy perturbations: the more matter 
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or energy, the stronger the gravitational force. 
Gravitational attraction is the basic mechanism 
behind the growth of structures in the universe 
(such as galaxies or stars). But at that early time 
radiation pressure opposed gravity and this 
generates oscillations very similar to sound waves or 
waves in the sea. 


What aspects of dark energy can the BAOs 

tell us about? 

In particular we want to measure what is the density 
of dark energy and how it evolves with time. This 
could shed new light over the nature of dark energy. 
In combination with other measurements, like 

the rate of growth of structure, which we can also 

do with DES, we will be able to decide if the dark 
energy model can fit the data or if we need instead to 
change the laws of physics, like the law of gravity on 
very large scales. 


Why do we assume that dark energy is the driving 
force behind the universe's expansion? 

With the BAO or supernova measurement alone, it 
will be hard to decide that dark energy is the driving 
force behind expansion. This is because there are 
many possible models for dark energy. But we will 
be able to at least rule out or confirm the simplest 

of these models: the cosmological constant [which 

is the strength of the raw energy present in space]. 
To understand the cause of the cosmic acceleration 


we need to combine the BAO and supernova results 
with measurements of the growth rate of structure in 
the universe. This is how fast density perturbations 
grow. We can do this in the Dark Energy Survey 

by measuring galaxy clustering, weak gravitational 
lensing and the abundance of galaxy clusters. 


Have you uncovered anything important yet? 

So far, the Dark Energy Survey has not taken enough 
data to measure BAO, but we are testing the other 
methods to measure the growth and preparing for 
the BAO analysis by studying systematic effects that 
might affect the BAO measurement once we have 
enough data. 


Is measuring BAOs an easy measurement 

to make? 

There are several effects that we need to take into 
account to make a good BAO measurement. Some 
are related with the quality of the data taken and its 
calibration. For example, we need to get rid of the 
foreground contamination from stars and dust in 
our galaxy, and also from the Earth’s atmosphere 

or from instrument noise and damage (for example 
cosmic rays, satellite trails, scattered light). Some 
are related to the modelling of the observed BAO 
oscillations that are subject to other effects, such as 
non-linear gravitational evolution or biases between 
the light that we see and the true underlying mass 
that we do not see. 
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What is dark energy? 


and astronomers have found them hidden in the 
cosmic microwave background radiation emitted 
370,000 years after the Big Bang. Between then and 
now, the denser material in the crest of the waves 
gradually attracted more and more material, growing 
into galaxies, and clusters of galaxies and finally 
huge chains of galaxy clusters stretching hundreds 
of millions of light years in some cases. By doing 
huge surveys of faint galaxies astronomers can piece 
together maps of the universe that show where these 
huge chains that grew out of the waves are located. 
Astronomers have even run huge simulations on 
supercomputers that have described the evolution 
of the universe, showing the growth of these waves 
with voids in between them. Because of how these 
filaments look on the largest scale, scientists call it 
the ‘cosmic web’. 

So what is the connection? If the largest structures 
in the universe grew from these waves, which 
scientists technically call baryon acoustic oscillations, 
or BAOs, then the rate at which the universe has 
expanded will decide how large these structures have 
grown. In a way, they are like big cosmic ‘rulers’ by 
which to measure the universe, so astronomers called 
them ‘standard rulers’. This is defined by the distance 
the waves travelled before they froze in place, which 
has been termed the ‘sound horizon’ and is the speed 
of sound multiplied by 370,000 years, which was the 
age of the universe when they froze. As the universe 
has expanded, the waves have grown to be around 
450 million light years. What DECam will do is study 
chains of galaxy clusters that make up these waves 
during different ages in the universe, which is made 
possible because the further away you look in the 
universe, the further back in time you are looking. 

So DECam will be able to measure their growth at 
different stages in the universe and see how strong 
dark energy has been in the past compared to today. 

Over at Apache Point Observatory in New Mexico, 
one of DECam’s partners in seeking out dark energy 
- the Sloan Foundation 2.5-metre Telescope’s SDSS 
III - has also been busy taking advantage of these 
BAOs as part of its Baryon Oscillation Spectroscopic 
Survey (BOSS). Quite recently, the survey measured 
the distances to galaxies more than 6 billion light 
years away to an accuracy not ever achieved before, 
placing new constraints on the mysterious dark 
energy’s properties. 

What they found appears consistent with a form 
of dark energy that stays constant throughout the 
history of the universe. “We don’t yet understand 
What dark energy is,” explains astronomer Daniel 
Eisenstein, the director of the SDSS, “but we can 
measure its properties.” Everywhere you look in the 
cosmos there are galaxies; those collections of stars 
held together by gravity to form the most majestic 
of structures. And gravity likes to bind them further, 
into huge collections of dozens, hundreds or even 
thousands of galaxies and we call these groups 
‘galaxy clusters’. 

DECam is going to be spending time counting 
these clusters, going as far back as when the universe 
was less than half its current size. But how will this 
help astronomers understand dark energy? Let's 
think about it: gravity is pulling galaxies together, 
but dark energy is working in the opposite direction 
to pull galaxies apart. So it is like a tug of war - can 
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gravity win over dark energy, or will dark energy pull 
the galaxies apart to limit how big clusters can grow? 
The idea is for DECam to survey galaxies at 
different eras in the universe and see how big they 
were and how fast they grew at different times. We 
know dark energy is winning the battle now because 
the expansion of the universe is accelerating, but 
in the past when the universe was smaller and 
everything was closer together, gravity had a much 
greater influence and was able to override the effect 
of dark energy. Plus astronomers would like to know 
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if the strength of dark energy has been constant over 
history, or if it has changed. If its strength varies, then 
that has implications for the future because it would 
mean that the strength of dark energy could change 
again, affecting the evolution of the universe. 

But how can scientists measure the mass of 
galaxy clusters? Working on their computers they 
have simulated what the masses of clusters should 
be based on what we know about the universe 
and dark energy, but we do not know for sure that 
they are those masses in reality. So what is DECam 


The completed DECam, ready to observe 300 million 
galaxies and discover thousands of bright supernovae 
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Gravitational lensing at work in the Abell 2218 cluster: 
distant, lensed galaxies appear stretched into arcs 


looking for? Their physical size is not necessarily a 
guide, because some clusters are more compact than 
others. Counting all the galaxies in a cluster only gets 
astronomers so far too because that doesn’t account 
for two things: the hot gas filling the spaces between 
galaxies in a cluster that shines in X-rays and the 
invisible dark matter. 
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“We don't yet understand what dark 
energy is, but we can measure its 


properties: Daniel Eisenstein 


The South Pole Telescope in Antarctica, which 
is possibly the most inhospitably located telescope 
on the planet, will study how the hot gas in clusters 
scatters photons from the cosmic microwave 
background radiation, which will give astronomers an 
indication of how much gas there is within a galaxy 
cluster. Meanwhile, the Blanco Telescope on which 
DECam is attached is going to search for an amazing 
phenomenon that was predicted by none other than 
Albert Einstein, which is gravitational lensing. 

Think of a big lens in space that acts to magnify 
objects beyond it, such as galaxies. But how can 
Space act as a lens? It can because objects warp space 
with their gravity, which depends on their mass, 
causing the path of light from objects beyond to 
bend. Sometimes the gravitational lens is obvious, 
causing galaxies to look much brighter, but the lens 
is imperfect and the images of the more distant 
galaxies appear warped or smeared or bent, or have 


multiple images of them made as their light takes 
different paths along warped space. The most perfect 
kind of gravitational lens is what's known as an 
Einstein ring - the light of the more distant object 

is warped into a complete ring around the nearer, 
lensing object. Other times the lensing effect is 

very subtle, just two per cent. Galaxy clusters make 
excellent gravitational lenses because they are so 
massive and, the heavier a galactic grouping, the 
more light is bent. DECam is able to measure these 
masses by looking at how big a lens a galaxy cluster 
makes, surveying 300 million individual galaxies 

in the process. Combining its ability to count and 
‘weigh’ galaxy clusters, measure supernovae as well 
as build a map to chart the sounds of the universe, 
DECam, the most powerful survey instrument of 

its kind, seems to have all bases covered. However, 
whether it will be able to snag dark energy for all to 
observe, is something that only time will tell. @ 
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What is dark energy? 


DECam belongs to the 
Cerro Tololo Inter-American 
Observatory high up in the 
Chilean Andes 5 


All About Space talks to Dr Kathy 
Romer of the University of Sussex 
to find out how she uses galaxies to 


probe dark energy 


How important is the Dark Energy Survey to 
scientists’ efforts to understand dark energy? 

The Dark Energy Survey will use the DECam 
instrument to locate millions of galaxies across a 
large fraction of the southern sky. It will also locate 
thousands of exploding stars, known as supernovae. 
The galaxies and supernovae can be used as beacons 
to trace the size, shape and history of the universe. 
These are all properties that are modified by dark 
energy. Therefore, by comparing observations with 
theoretical predictions, we can get closer to knowing 
which theory of dark energy is correct. 

The starlight from the galaxies we observe with 
DECam is up to 10 billion years old (the further away 
the galaxy, the older the light), so this experiment is 
a lot like an archaeological dig - we cannot influence 
What the galaxies do, but by examining them in 
detail, and in situ, we can learn a lot about the 
universe at the time the light was emitted. 


Could dark energy have altered between the early 
universe and now? 

In most models of dark energy, the dark energy 
changes its properties with time, although in only 
very few does it change its properties with location, 
ie you can think of dark energy as being uniform 
in space, but not in time, in those models. However, 
there is one very important exception, the dark 
energy model known as the ‘cosmological constant’ 
- this model was first proposed by Albert Einstein 
about a hundred years ago (and made decades 
before the accelerated expansion was detected). In 
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the cosmological constant model, the dark energy 
is uniform in both time and space. It is the simplest 
dark energy theory and also seems to be the one 
most favoured by current observations. 


How does the South Pole Telescope team up with 
DES in the study of clusters of galaxies? 

Clusters of galaxies are bright not only in the optical 
part of the spectrum (where DECam is sensitive), 
they can also be detected in the microwave part of 
the spectrum (because they contain vast quantities 
of hot diffuse gas). Unlike almost everywhere else 
on the Earth, microwaves from clusters of galaxies 
can get all the way to the ground at the South Pole, 
because it is the driest place on Earth. At almost 
every other terrestrial location, microwaves from 
Space are absorbed by water molecules in the 
atmosphere (by the same physics mechanism that 
allows you to heat up water in a microwave oven). 

A large microwave telescope at the South Pole (the 
South Pole Telescope) has been scanning the sky to 
search for clusters of galaxies for the last few years. 
By combining galaxy data from DES and microwave 
data from the SPT we are able to measure masses of, 
and distances to, clusters much more accurately than 
we could do using the data separately. 


What will happen if Einstein's theory of general 
relativity is proved to be insufficient in explaining 
cosmic acceleration? 

Einstein's theory for gravity is appealing, and has 
been so popular for nearly a hundred years, because 


of its conceptual (if not mathematical!) simplicity. 
It is possible that it might be too simple, and some 
sophistication might need to be added. 

By doing so we won't need to radically change 
our theories for the universe's history, but it will 
change our predictions for our universe's future: 
an accelerated expansion has the unfortunate 
consequence of an eventual ‘Cosmic Rip’, whereas we 
might be in for a less cataclysmic future if gravity acts 
differently to our current assumptions. 





Dr Kathy Romer standing next to the Blanco Telescope, 
holding the DECam (top), and analysing its results 
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Clearview Binoculars: Four Square Chapel, Mapplewell. S75 6GG. Tel 01226 383736. 


Callers very welcome, please check website for opening times. 


Ts: eb ie R Binocular Outlet. Check our website or visit our stand on the shows: 
utlet.co.uk 


The Far-Sighted binocular company is a group of independent specialist optical goods suppliers. For more information please visit www.far-sighted.co.uk. 
Offers are subject to availability and at participating outlets only. Prices and specifications are subject to change without notice. 
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Solar rainbow 
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meee 
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The beautiful, invisible world of the Sun shown 
by NASA‘s Solar Dynamics Observatory 


Captured in this recent composite image based on data recorded by NASA's 
Solar Dynamics Observatory, is a rainbow of solar wavelengths invisible to 
the naked eye. The big benefit of the SDO mission's space telescope is that it 
not only gives us a close-up of the Sun but allows us to see parts of our star 
we would never normally be able to see, by converting the wavelengths into 
a visible image and appropriately colourising it. 

The light is measured in angstroms and a wavelength of around 5,800 
angstroms will show the ‘cooler’ parts at the surface of the Sun, colorised 

in yellow, at a temperature of around 5,700 degrees Celsius (10,000 

degrees Fahrenheit). As the SDO’s focus moves off the surface to the Sun's 
upper photosphere it reaches the transition region, which is where the 
temperature rises dramatically. At a wavelength of 94 angstroms the SDO 
can pick out the details of a solar flare in extreme ultraviolet. The atoms 

_ that emit this radiation are a searing 6.3 million degrees Celsius (11 million 
Akar degrees Fahrenheit) and are typically coloured green. @ 


















© NASA 
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Project 


Dragonfly 


The innovative laser sail technology that 


St oye.) 05 
The cubesats 
themselves would 
be small and 
lightweight, weighing 
just a few hundred 
grams, but they'd 
be capable of taking 
instruments into 
interstellar space. 





could propel us to interstellar space 


aes 
Inside the cubesats a 
laser not too dissimilar 
to a laser pen fires 
upon the sail, and as 
the photons strike 
it they accelerate 
the spacecraft at 
thousands of metres 
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RC 
A lens could be employed on 
each spacecraft to ensure that 
as much of the laser's beam 
is collected as possible to 
increase speeds even further. 


ree, 
These unmanned spacecraft 
would be on a one-way 
ticket to interstellar space, 
but we'd be able to gather 
information and data from 
them on Earth. 





— 


em Selananleiniesitceys 

The creation of a large disc 
makes the sending and 
Kec) (ATMO a CRI KO) ED 
Earth much easier at the 
great distances that would 
be involved. 
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Tals) ge 
srs Each spacecraft could carry a 
Ua le camera to image distant objects 
be made of a Instruments ora nceea arin 
lightweight Among other things the objects within the Oort cloud. 
but reflective spacecraft could be used to 
material such as MaX=yc JU Rema om Kann) Ole] abl 
mylar, aluminium and density of the region of 
or possibly Jey: [e= Bahar eee 
graphene. 
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Project Dragonfly could be 

used to explore the outer 

regions of the Solar System 
UT | f / and beyond, including Pluto, 
WaT ; ) rrasele acon ay 
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Launching a swarm of 
thousands of Dragonflies 
at once would enable them 
to form a wireless ‘internet’ 
network between them to 
share information. 





20 top space questions answered 


Compiled by Jonathan O'Callaghan 


ed us, from our early Sees 


keep us baffled. One thing that has a eV 
however, is our continual desire t stion the cosmos around 
us. Why are there so many binary stars? How many different 
types of planet could there be? How big can a star get? 

And of course, with every passing year we send more and more 
missions into space to further our knowledge, but many of these 
carry with them an immense burden to answer questions we 


just don’t know the answers to. Just what exactly are we hoping 
Curiosity finds on Mars? Will we ever be able to get clear images 
of exoplanets? What might NASA's next big project be? 
Thankfully, we've gathered together a host of experts to 

answer these very questions for you, or at least provide the best 
information we've got so far from the people doing the research 
to seek such answers. So come with us as we takealookat20 
fascinating cosmic questions, from exploration to astronomy, and 
unearth some of the hidden secrets om date MUS Es eo - 
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The experts 


Astrophysicist 

Dr Dimitris Stamatellos is 
the Guild Research Fellow 
of Astrophysics at the 
Jeremiah Horrocks Institute 
at the University of Central 
Lancashire, Preston, UK. 


Space exploration expert 
Patrick Troutman is a NASA 
futurology expert. He can 
often be found lecturing, 
writing and talking about the 
challenges of future human 
Space exploration. 


Astrobiologist 

Dr Jennifer Eigenbrode is a 
leading NASA biochemist and 
geologist. She is currently 
working on the Curiosity 
rover's Science Analysis at 
Mars (SAM) instrument. 


Exoplanet spotter 

Dr Steve Howell is one of 
NASA‘s leading exoplanet 
experts. He is heavily involved 
in analysing the multitude 

of data returned from the 
Kepler mission. 


Senior astronomer 

Dr Mark Reid works at the 
Harvard-Smithsonian Center 
for Astrophysics. His research 
interests include black holes, 
active galactic nuclei, galactic 
structure and star formation. 


Senior mission analyst 

Dr Markus Landgraf is working 
on the Gaia and LISA Pathfinder 
missions at the ESA. He 
co-ordinates both astrophysics 
and fundamental physics 
mission analysis. 


New Horizons scientist 
Dr Harold Weaver is a research 
professor at The John Hopkins 
University Applied Physics 
Laboratory. He is currently the 
project scientist on NASA's New 
Horizons mission. 


AAS Features Editor 
Jonathan O'Callaghan is one 

of our resident experts on All 
About Space magazine. He has 
a keen interest in astrophysics 
and a broad knowledge of 
Space exploration. 
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“The star formation process =" = 
Rota CelCcrol Tea bee de 
' it produces stars with masses 


from a few times the mass of Jupiter up to a 
few hundred solar masses. 

“In a stellar cluster there are many low-mass 
stars and fewer higher-mass stars. If a giant star 
(like the Sun) meets a small-mass star (like an 
M-dwarf or a brown dwarf) then they may end 
up as a binary system, moving along together . 
and rotating around each other, provided that 
they have a close interaction, meaning that 
ia aTeyG@OnslMlGalOn MMC WMLcIETSA BLU leLGI Kae lNe)i 
astronomical units from each other. 

“Even for high-density stellar clusters, those 
that contain a large number of stars per unit 
volume, the probability of having such close 
interactions is relatively small. Collisions 
between stars in clusters are even more 
rare (for a globular cluster this is expected 
to happen once every 10,000 years). If this 
unlikely event happens, for example in the 
centre of a cluster, then the smaller star will 
in effect be swallowed by the larger star with 
some energy being released during the impact.” 


2. What is the Earth's 
most likely fate? 





Patrick System by then. There is always the 
Troutman Jovian system that might be more 
‘I'd say the most likely habitable as the Sun gets bigger. 
fate for Earth as we “Long before the Sun starts to die, 
know it will come Earth will be impacted by a large 
from within. Whether it is a nuclear asteroid or comet, perhaps at the same 
war, climate catastrophe or collapse of scale of the impact event 65 million 
civilisation, one only needs to look at years ago. But life even survived then, 
history to see where the future may and Earth returned to a habitable state. 
go. That's why I believe humanity Again, if we had a second biosphere, 
should establish a second biosphere human civilisation could return to 
to safeguard civilisation, culture and Earth once it was habitable. 
technology from our mistakes, sort of “The one fate that worries me 
like seed banks. most is a small black hole wandering 
“Those man-made collapses would into the Solar System. Would we see 
still yield the most life-friendly planet it coming? Would it take out Earth, 
Ese test eii inal ee cev ae in the Solar System. We have a long our Moon and Mars? Would we be 
will be struck by a large asteroid Sa oe time until the Sun turns into a red here blissfully enjoying our existence 
again some time in the far future giant and our oceans boil away. one moment and then sucked into 
Hopefully we will be out of the Solar nothingness the next?” 
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ESA'’s upcoming 2018 ExoMars 
rover might be capable of 
discerning if life could survive 
under the surface of Mars 


‘>. 
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Where are we most likely to 
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find signs of alien life in 
the Solar System? 





“Astrobiologists regard 
Mars, Titan, Europa and 
- Enceladus as possible 
habitable places in our Solar System. 
However, I think the best place for us 
to search for signs of alien life is in 

the rocks of Mars that are protected 
from the ionising radiation currently 
bombarding the surface. Finding 
signatures of ancient extraterrestrial 
microbial life and establishing 
confidence in that finding will largely 
depend on the quality of the preserved 
record. Radiation can seriously alter 
ancient biosignature records, especially 
organics, but to what extent and how 
remains elusive. The reality is that any 
chemical and physical alteration can 
complicate and lower our confidence 
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in interpreting signs of ancient life. 
The same is true for interpreting 
ancient terrestrial biosignatures. 

“On Earth, life is ubiquitous - we 
find life in nearly every extreme 
environment. This tells us that 
microbes are incredibly adaptive. 
However, microbes don't always 
flourish in extreme environments. 
We find more and diverse life where 
nutrients, food and energy sources are 
plentiful. On Mars, I think it’s fair to 
assume that if life ever existed there, 
it would be very adaptive too. Over 
the aeons, life may have learned to 


cope or even utilise ionising radiation 
by moving to shielded environments, 
such as the subsurface, and evolving 
biochemistry to repair damage to cells. 
In any case, the ionising radiation 
makes the top metre or so of surface 
rocks an extreme environment. If 
microbes adapted to living in these 
subsurface rocks, they might flourish 
if there was a way for nutrients to 
circulate in the rocks. Perhaps the 
ExoMars mission will discover clues to 
the modern habitability of this more 
protected subsurface environment and 
if life is there." 


‘T think the best place for us to 
search for signs of alien life is 
in the rocks of Mars’ 


This simulation 
Sale ee ean els 
is elongated into 
a ribbon of gas 
when it falls into 
a black hole 





What 
Happe 
en 
if tt fell 
into a black 
hole? 





“That depends on 
the mass of the 
black hole. Black 
_ holes come in two 
size ranges: ‘stellar mass holes’ of 
3 to 30 times the mass of the Sun 
and ‘supermassive holes’ of roughly 
1 million to 1 billion solar masses. 
“If one were to fall into a stellar 
mass black hole, the difference 
in gravity from one’s head to foot 
would be roughly a million ‘gs’ (the 
force of gravity on Earth); enough 
to tear one apart. This was the basic 
idea behind a Larry Niven sci-fi 
story called Neutron Star. 
“However, falling into a 
supermassive black hole would be 
an interesting experience. Even 
though the hole is much more 
massive than a stellar mass hole, 
the radius of the hole is much 
larger also. So, the ‘g-forces’ across 
one’s body would be insignificant. 
One could cross the event horizon, 
and even though light can't escape, 
it can come inward making for a 
dazzling show. But, after falling 
for some hours (depending on the 
mass and size of the supermassive 
hole), one would approach the 
singularity and likely be destroyed.” 
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send humans 


to Mars, an asteroid or back 
to the Moon? 


Patrick Troutman 

“Tl address science return and 
mission feasibility, but science is 
only one reason why we explore, 
and mission infeasibility sometimes 











Resources ry 4 
the Moon 


“The Moon is four days away and contains a vast 
abundance of resources that we can utilise to 
break the supply chain with Earth. We need to 
do that in order to establish an eventual second 
biosphere. While we are there we can explore its 
intriguing surface to help understand the formation 
and evolution of the Earth-Moon system, along with 
the bombardment history of the Solar System. That’s 
good science. We can also set up telescopes to scan 
the heavens to new depths. That's good science 
and perhaps an early warning system for unknown 
asteroids and comets. Is sending humans to the 
Moon feasible? Technically, yes. If the world decided 
that a sustainable Moon base were the next logical 
step and we pooled our resources to make it happen, 
fancy ema '(o) 01 Ce Aa 





is a reason to explore! There is no right answer 
as to why we explore, and everyone bases their 
opinion on their value system and experience. I 


believe that humans should expand the human 


sphere of influence beyond Earth in order to further 





“Mars is all about life. Life that once existed, life that 
might exist now, and life - human life - that will be 
there in future. Science needs to be done on Mars so 
we can understand how to enable human life there. 
Most of that science can be done with robots; some 
could be done much faster if humans were there, but 
at a significant cost. Affordability of a human Mars 
mission is our greatest challenge. We can solve the 
radiation problem by going underground. The entry, 
descent and landing of large payloads may be more 
challenging, but smaller human scale entry systems 
coupled with advances in propulsion may allow 
us to engineer a solution. The optimal situation 
may be to send humans to Mars orbit for a decade 
before attempting to land on the surface, using 
tele-operated robots to extend the arms and legs of 
humans so that Mars can be thoroughly explored 
before humans touch the surface.” 


knowledge, enhance our quality of life and assure 
humanity's survival. So my long-term perspective 
is about eventually establishing a second biosphere 
for humanity, so if something bad happens to one, 
humanity keeps on going.” 
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“One way to assure life is to avoid death! Yes, 
‘asteroids could contain vast resources that could 
enable a space-faring society. Yes, they could contain 
organic compounds that were created during the 
birth of the Solar System. But what drives me is the 
fact that asteroids have a history of raining down 
on Earth. The asteroid that exploded over Russia 
a year ago was a shot across the bow. The world 
needs to wake up. We need a global effort to find 
and track asteroids down to 30 metres (100 feet). 
It should be our priority. Then we need to develop 
planetary defence capabilities. These investments 
are within our budgets and require no major leaps in - 
technology. It doesn’t matter if the next impact is in 
ten or 100 years. The dinosaurs didn’t have a space 
programme. We do. What is our excuse?” 









nN ereseenr within 30 light - 
years of Earth could spell 
cle com emt ~ 


The Europa Clipper is a proposed 
mission to investigate Europa 
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NY 
What will NASA's next 
big flagship project be? 


recommended by the last two Decadal 
Surveys (conducted under the auspices 





“According to NASA‘s 
current plans, the next 
flagship mission will 
Sd ‘ be the Mars Science 
Rover, which is scheduled for a launch 
in 2020. A flagship mission to Europa 
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How 
close 
would a 
Supernova 
have to be 
to destroy 
life on 
Earth? 


“The last supernova 
seen with the human 
eye was documented 
: _ by Johannes Kepler 
in 1604. That was about 20,000 light 
years away. And while it shone brighter 
than any star and was visible in 
daylight, it caused no issues on Earth. 

“However, were a supernova to 
go off within about 30 light years of 
us, that would lead to major effects 
on Earth, possibly mass extinctions. 
X-rays and more energetic gamma 
rays from the supernova could 
destroy the ozone layer. It also could 
ionise nitrogen and oxygen in the 
atmosphere, leading to the formation 
of large amounts of smog-like nitrous 
oxide in the atmosphere. 

“Supernovae happen about once 
every 100 years in the Milky Way. 
But the Milky Way is a big place. 
Given that, and the fact that the Sun 
is near the outskirts of the Milky Way 
where few stars massive enough to 
become supernovae are born, having a 
supernova within 30 light years of the 
Sun should, on average, happen only 
once in every 100 million years.” 





of the National Research Council, 

at NASA's request). However, the 
Europa mission hasn't gained much 
traction because of the severe budget 
constraints [NASA has been operating 
under] during the last few years, and it 
is anticipated to continue for the next 
few years.” 


"A flagship mission to Europa 
has long been a goal of NASA" 
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8. What is 
CB Rieti 
we thinka 
star could 
be? 
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of gas and dust 
collapses under the influence of 

its own gravity. A newly born star 
initially has low mass and grows 
by accreting infalling gas from the 
cloud. The accretion of material onto 
the star results in radiating a large 
amount of energy. The pressure 
from this radiation pushes the 
infalling gas away and if it is large 
enough it can halt the accretion 
onto the star. If one assumes 
spherical accretion onto the star, 
namely gas accumulating onto the 
Star more or less from all directions, 
then the theoretical upper limit for 
the stellar mass is around 20 times 
the mass of the Sun. 

“However, there are observations 
of stars that are a few hundred 
times more massive than the Sun; 
the most massive star observed so 
far is R136al which has 260 times 
the mass of Sun. How can these 
stellar masses be attained? The 
presence of discs around newly 
formed stars is the answer. The 
growth of mass of the star can 
continue by accreting gas flowing 
inwards in the disc, whereas the 
radiation can escape in other 
directions. Therefore, the largest 
Stars can be up to a few hundred 
times more massive than the Sun.” 


9. Are we 
expecting to find 
new types of planet? 


ESA’s Gaia mission uses parallax to 
measure the distance to stars 































). How do we measure the 
distance to celestial objects? 





+ 4 s he wat Av, Se 
hd es 4 ol e 4 > — 
~— we ~ Sees - rae a distance of 1 parsec (parallax second). One parsec is equal 
oh ~, .. a ee ut se “There are many methods to do this. Let me to 3.26156 light years, which is the distance light travels in 
‘ane! te ha ~ cite parallax, because we use it in our Gaia 3.26156 years and is equal to 30.9 trillion kilometres (19.2 
iq * r« 


mission. For nearby (and not-so-nearby) stars 


trillion miles). With Gaia we can basically determine the 


on ie we can exploit the fact that their position in distance of half of the Milky Way stars using this method. 
o_o * 4 i & in b | the sky depends on our position as an observer. Much like “For more distant objects, like other galaxies, we use 
4 ve ae as = ‘i Ya ri near objects appear to move in front of background objects ‘standard candles’. Those are variable stars, the absolute 
it a% ‘id when you as an observer move, say driving by a bunch of brightness of which is correlated with the period of the 
+, ae. “ i 4 ; people in front of a landscape. variation. Knowing the variation, we can derive the 
“a “ : yy a “In astrometry we can use the fact that we move with the absolute brightness. Knowing the absolute brightness and 
> VIET aia ets Earth around the Sun, so our observation position relative the apparent, measured brightness we can determine the 
Ps we've found so far to the Sun changes by 2 AU (about 300 million kilometres distance. Even further objects, like quasars, are measured 


is 260 times the 


mass 0 
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or 185 million miles) in six months. A star that moves by 
1 second of arc (equal to 1/3,600 of a degree) due to the 
change in our position by 1 AU (the Earth-Sun distance) has 





by looking at the redshift due to the cosmic expansion. The 
redshift is directly correlated to the distance as discovered 
by Edwin Hubble.” 
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y five years ago and has revolutionised 
our view of exoplanets, finding 
planets of all sizes and compositions. 
The most numerous size of exoplanet seems to 

be between two to four times the radius of Earth, 

a planet size we do not have in our Solar System. 
Therefore we know little about this type of planet, 
how it forms and what it’s made of. 





“NASA's Kepler mission was launched 


“Other planets discovered have sizes larger than 
Earth with the density of styrofoam or in the case 
of two small planets just slightly larger than Earth 
orbiting the same star but with densities a factor of 





There could be a host of new types of planet 
just waiting to be found in the universe 


eight apart. There is even a disintegrating exoplanet, 
orbiting close to its host star and being evaporated. 
Discovery is forever dawning, so I'd be amiss to say 
we will not find new types of exoplanets.” 


“The Kepler mission has revolutionised 


our view of exoplanets, finding planets 
of all sizes and compositions” 


ESA's Gaia mission. uses parallax to 
measure the distance to stars 
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It's thought that half of all stars in the 
universe could be part of binary systems 


Why are binar 


Stars SO Common: 


“It is believed that maybe up to 50% 

of all stars are in binary systems, with 

many researchers suggesting that an 

even higher percentage of stars are 
born as binaries. 

“The high percentage of binary stars is closely 
linked to the way stars form. It is well established 
that most stars form in clusters rather than isolated. 
In the dense parts of clusters such stars could pair 
up, forming binary stars. Another way that binaries 
can form is by the breaking up of discs around newly 
formed stars. These discs are a natural result of the 
star formation process due to the initial rotation of 
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the interstellar cloud that collapses to form a star. 

A disc increases in mass as more material from the 
cloud falls onto it and can become unstable, or in 
other words it becomes too heavy to be maintained 
and fragments, breaking up into stars. 

“If fragmentation happens quickly after the first 
star has formed then the two stars may end up 
having similar masses. If it happens later on, the 
result will be a binary with two stars with unequal 
masses. The formation of more multiple star systems 
(triples, quadruples and so on) is also possible and 
quite common. The study of binaries is important as 
their properties contain information about how 
Stars form.” 


cee Oe AY 
68% 


® Dark matter 
| 27% 
Novela | 
MPaRle 
oye 


What is one 
of the strangest 
things in 
the universe 
we don't 
understand? 


“In my opinion that would be 
dark energy. Currently we know 
that the cosmic expansion is 
accelerating due to some unseen energy, but 
no other effect or detection of this energy has 
been observed or made in an experiment. And 
the strangest: it makes up the vast majority of 
our universe. According to the standard model 
of cosmology, which was confirmed by the ESA 
Planck mission, the universe is made of 68% dark 
energy, 27% dark matter, 5% regular matter. So, we 
can see and explore only 5% of what is out there.” 
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A heavy-lift rocket 
like NASA's 
upcoming 
Space Launch 
System will 
yeas lel Boys 
sending 
humans to 
the Moon, 
Mars and 
beyond 




















15. How important are 
heavy-lift rockets for 
Space travel? 


Patrick 
Troutman 
“That sort of depends 
what you want to do 
at whatever place you 
want to go to beyond Earth orbit. If 
budgets were not a constraining 
factor, you would simultaneously 
build the biggest rocket technology 
would allow, megawatt class in-space 
propulsions systems for cargo 
pre-deployment, nuclear thermal 
in-space stages for crew transport, 
long duration in-space habitats and 
capable destination systems to make 
the people as productive and self- 
sufficient as possible for any mission 
at the chosen destination. 

“If you are talking about going to 
Mars, a heavy-lift rocket simplifies the 





mission architecture by allowing more 
systems to be integrated into mission 
vehicles that enable contingencies to 
be mitigated without having to rely 
on another launch or rendezvous. 
Even with a heavy-lift launch vehicle, 
there are too many launches (six to 
12) required to pull off a conjunction 
class mission with about a 500 day 
surface stay if everything is thrown 
away after each mission. Decreasing 
the size of the launch vehicle just 
multiplies the problem. However, I 
know of no place on Earth where 
budgets are not a factor! 

“The development of a new launch 
vehicle (especially a heavy-lift 
rocket) is one of the most expensive 
aspects of space exploration, and 
the operational costs of heavy lift 


facilities and vehicles are covered 

just by the missions that use them, 
leaving a small portion of the total 
budget to develop everything else. 

If the mission that truly required 

a heavy-lift vehicle were 30 years 
away, it would make sense to leverage 
existing launch vehicles to extend 
our reach into cislunar space, build up 
our long duration experience on the 
ISS from months to years and take 
the funding that would have been 
spent on heavy-lift and invest that 

in all the other capabilities humans 
will need to thrive in space. Then ten 
years before humans proceed to that 
new challenging destination, begin 
development of a heavy-lift vehicle 
that could leverage all the other 
technology developments before it.” 


What telescope would we need to 
get clear images of exoplanets? 


.\ “Exoplanets have 


| y already been directly 


imaged orbiting the 

e stars Fomalhaut 
and Beta Pictoris, as well as three 
exoplanets orbiting HR 8799. These 
planets are large Jupiter-sized 
bodies orbiting far from their host 
star and are observed with special 
instruments called coronagraphs 
that are used to block the star light 
while leaving the planets visible. 

“In order to get a clear image of a 


possible habitable exoplanet, such as 


an Earth analogue, the observation 
would need to be able to resolve 
the star from the planet and deal 
with the very large contrast in light 
between the two. To get a feel for 


these two difficult tasks, get a bright 
torch (flashlight) and a small marble. 


Have a friend stand across a room 
from you, hold the marble against 


the torch, and shine the light directly 


into your eyes. Can you see the 
marble? Small, close-in exoplanets 


orbit very near, in angle, to their 
Stars and shine only very dimly by 
reflected light. Thus, just building 
a big telescope alone will not allow 
the observation. Astronomers are 
working to make special telescopes 
such as the James Webb Space 
Telescope and special instruments 
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| Size of Saturn's orbit 
around the Sun 
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mm _2 X= )iCKe Ke So far we've only managed 


(star shades and vortex 
coronagraphs) that can be placed 
in space, above the disrupting 
effects of our atmosphere, in the 
hope of obtaining a direct image 
and measurement of an Earth- 
like planet, perhaps revealing 
signatures of life.” 














® Beta Pictoris 


Location of the star 







to get very faint images of 
exoplanets, such as this one 
around the star Beta Pictoris 
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the stars in 
the universe 
eventually 
die out? 


15. Why don't objects collide Beas 


5 billion years and 
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often in Earth orbit? SS inne acters 


in similar orbital bands at similar 


a blaze of glory as a giant red star, 
Jonathan 





; of like an imaginary conveyor belt things (aside from satellites in polar possibly engulfing the Earth, before 

O'Callaghan moving around Earth. There's not orbits) move the same way Earth exhausting its nuclear fuel and 

“The distance between much chance of one satellite catching rotates to get a speed boost at launch. becoming a dimming ember. 

a atiayecsm ine) aD) I mB ISM tol up to another and, even then, the “Collisions are not unprecedented, “Other stars that are only a 

and Earth orbit is a chances of a collision are low. though. In 2009 an active US satellite tenth of the mass of the Sun, shine 
huge place. Put simply, the chances “The only major risk to something collided with a defunct Russian dimmer than the Sun, but do so for 
Oye TeN MAN Oman iiatcMeo)lielbea- NoMa like the ISS, which is 370 kilometres satellite, destroying both and creating a very long time... sometimes up 
slim, despite there being thousands (230 miles) high in low Earth orbit, thousands of pieces of debris larger to trillions of years. 
of active satellites in orbit and many would be if someone launched a than ten centimetres (four inches). “But even as stars burn out over 
mote pieces of smaller space debris, satellite into orbit in the opposite Thankfully a lot of debris of this sort time, others are continually born 
because there is just so much space direction to the ISS at the same will be pulled into Earth's atmosphere from gas and dust inside galaxies 
MURA M ad eNneTee height, which isn't really possible and burn up on re-entry, although like the Milky Way. Ultimately, 

“However, another reason is that thanks to orbital mechanics; most some debris does remain a threat.” however, all that material will be 

most of our man-made satellites travel used up, and in roughly 100 trillion 


years there will be no material to 


speeds within those bands. This i The chances ‘e)i AAO things form new stars. Then the universe 


Girctonatpeaticheshts sor ~—-s COLLIing are very slim” 


will grow dark." 
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What can we 
expect from New 
eC avoscaiienonple 
reaches Pluto? 


=_. 

a “The New Horizons mission will 
> § revolutionise our understanding 

_ of the Kuiper belt by providing the 


first in situ exploration of objects 
beyond Neptune's orbit after it arrives at Pluto in 
July 2015. New Horizons carries a sophisticated 
suite of seven scientific instruments, including 


3 key science objectives 


for New Horizons 


1. Measure the atmosphere 

To characterise the atmosphere of Pluto, 
New Horizons will measure the abundances 
of molecular nitrogen, carbon monoxide, 
methane and argon. It will also determine 
the atmosphere's temperature versus height 
ele) cM Nn -R0l a r-(ecee- ACM MUI Masri Rema at 
effect of the escaping atmosphere on the 
impinging solar wind particles. 
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panchromatic and colour imagers, ultraviolet and 
infrared spectral imagers, a radio science package, 


plasma and charged particle sensors and a dust 
counting experiment. Using these instruments, 
New Horizons will explore a new class of Solar 
System objects, the dwarf planets, which have 
exotic volatiles on their surfaces, escaping 
atmospheres and satellite systems.” 


New Horizons launched on 19 
January 2006 on a mission to 
become the first spacecraft to 

study the Plutonian system 


2. Geology and 
morphology 
New Horizons will 
characterise the 
global geology and 
morphology of 
Pluto and its moon 
Charon by obtaining 
panchromatic 

maps of their 

visible surfaces at a 
~ resolution better than 


1km (0.62mi) and 
colour maps at better 
than 10km (6.2mi) 
re resolution. 
= 
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* New Horizons will aim to. map the oo ® ee yo 


composition of the visible surfaces 
of Pluto and Charon, including 
determining the spatial distribution of 
exotic ices of molecular hydrogen and 
methane, and other organics. 
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The upcoming European CHEOPS telescope 
could find high-value exoplanets 


18. What 
breakthroughs 
in planet 
hunting can we 
look forward to? 


Steve 
Howell 

_ “The next step in planet hunting 
is characterisation. We now 

: know that planets are common 
in our galaxy and orbit most stars. Astronomers 
are moving from searching for planets to 
finding what are termed ‘high-value’ planets 
and studying them in great detail. 

“High-value planets are either ones that orbit 
bright stars such as 55 Cancri or Kepler 21 or 
planets that orbit very nearby stars such as 
GJ 1214. The reason these types of planet are 
valuable lies in the ability to perform follow- 
up observations, that is using large telescopes 
on the ground and in space to determine the 
planet mass and density as to allow study of 
its atmosphere. These parameters tell us if the 
planet is rocky like the Earth or gaseous like 
Jupiter. These additional observations can also 
tell us if the planet has an atmosphere and if 
that atmosphere might contain life-bearing 
molecules such as water or oxygen. Near-term 
Space missions such as K2, TESS (Transiting 
Exoplanet Survey Satellite), and CHEOPS 
(CHaracterising ExOPlanets Satellite) will find 
such high-value star-planet combinations, 
thereby providing targets to follow up with 
current telescopes and planned future 
telescopes such as the James Webb Space 
Telescope (JWST).” 









“At the moment, no one is quite sure. 
Since their discovery by astronomer 

| Galileo Galilei over 400 years ago in 

Bl SloMsatsvteGiece seca errs trying to 
work out exactly how these magnificent rings came 
to be, the most extensive ring system that we know 
of around any planet. The rings are made up of ice 
and rock with billions of pieces ranging in size from 








as 
(ome? 
a grain of sand to a house. The rings are hundreds of 
thousands of kilometres wide, but only a few tens to 
hundreds of metres thick. Exactly how they formed, 

though, remains somewhat of a mystery to scientists 
and astronomers. 

“One leading theory is that the rings are the 
remnants of one or several moons that once orbited 
Saturn. It is possible that a moon could have been 
torn apart by a combination of Saturn's gravity and 


20. What are we hoping 
Curiosity finds on Mars? 


| Jennifer 
| Eigenbrode 


| “We are hoping that Curiosity finds 
organic molecules in the sedimentary 
rocks at Mars's Gale Crater. Organic 
molecules hold clues to both their source and the 
processes that have changed them over geological 
time. Often, they are turned into gas and lost due to 
oxidation. This is a common occurrence on Earth. On 
Mars, the ionising radiation may accelerate organic 
breakdown and loss, but this process is poorly 
understood because we have no terrestrial analogue 
for the radiation environment on Mars. 
“All of life produces organic molecules for their 
cellular structures and as waste products. Life also 


uses organics in the environment as a food source. 
The presence of organic molecules would support 
a habitat if life existed. The presence of certain 
molecules may even tell us if life was the source for 
the organics, but this type of finding is beyond the 
scope of Curiosity’s objectives. Future missions will 
specifically search for signatures of ancient life. 
“Understanding how organic molecules might be 
preserved and the processes that break them down 
in rocks at Gale Crater is a key focus for the mission. 
Curiosity has the right tools to start our exploration 
of how the geology and radiation exposure act to 
preserve and destroy the ancient organic record. 
This understanding will become a cornerstone for 
all future astrobiology missions looking for signs of 
ancient life.” 


space questions answered 
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This incredible mosaic image from 
the Cassini spacecraft shows Saturn's 
rings backlit by the Sun 
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the influence of other moons, causing its debris to 
be scattered around the planet in a ring. The rings 
may also have formed, or perhaps been added to, 
by passing comets and asteroids being pulled in by 
Saturn's enormous gravity and, in turn, also being 
broken apart into many smaller fragments, entering 
an orbit around Saturn that flattened over vast 
periods of time into the thin but incredibly wide 
rings we see today.” 


~~ th os 
Curiosity is able to use its suite of on-board instruments 
to analyse the Martian surface 


One of Curiosity's key 
goals is to look for signs 
of organic molecules at 
Gale Crater 
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Carbon worlds 


spout diamonds 

i exoplanets could sport a thick layer of 
diamond under a topping of carbon in the form of 
the mineral, graphite, which can be found in the 
lead of pencils. Diamonds might also erupt from 
volcanoes on the surface of carbon planets, spitting 
out mountains of these jewels. 


They're devoid 
Meliss 


Comets and asteroids are likely to have delivered 
water to our planet early in the Solar System's 
history; beginning their journey far beyond Earth, 
way past a boundary known as the snow-line before 


smashing into its surface and depositing their water, 


previously locked up as ice. On carbon worlds the 
abundant carbon of developing star systems snags 
oxygen and stops water forming. 


The diamond-encrusted caldera 
of a carbon world volcano 
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stale 
heavily polluted. 


If a carbon world is cool enough - at about 77°C 
(170°F) - a cycle would be kick-started where rain, 
made of organic materials, would fall onto the surface 
from an atmosphere of carbon dioxide or carbon 
monoxide and other gases. Such a combination 
would cause their skies to be thick with smog. 


More are made 
ea Mer Ns 


These worlds are probably found close to the core 
of our galaxy or in the globular clusters found 
orbiting it - places where you're most likely to find 
old stars. When these ancient stars pass on, they 
spew out gigantic amounts of carbon and go on to 
create these unusual planets. All stars must end, so 
it makes sense that, as more generations are snuffed 
out, we will find more carbon worlds. 





We may have 
found two already 


We think that there are at least two possibilities 
of carbon worlds out of the exoplanets we have 
detected so far. One could be around pulsar PSR 
1257+12, forming from the disruption of a star 
churning out carbon. Another might be the planet 
we know as 55 Cancri e. 


© Jay Wong 
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Olympus Mons 





The biggest mountain in the Solar 
System is Olympus Mons. Rising a 
staggering 25 kilometres (15.5 miles) 
above the surface of Mars, this volcano 
is almost three times as tall as Mount 
Everest, which measures just 8.8 
kilometres (5.5 miles) in height. It is so 
enormous that during a dust storm, the 
top is one of the few features visible 
above the Martian clouds from space. 
The mountain is located near the 
equator, adjacent to three other large 
shield volcanoes, collectively known 
as Tharsis Montes. Olympus Mons is 
not currently active, but in the past, 
lava leaking from it solidified to form 
the volcano’'s wide, shallow structure. 


Olympus 
Mons 


Like terrestrial shield volcanoes, the 
flattened shape of Olympus Mons is 
due to slow lava flow. Evidence of its 
formation can be seen in the radiating 
patterns on its surface, left by thin, 
slow-moving lava channels. 

The sheer weight of the mountain 
as it grew also contributed to its 
spread. Under the increasing pressure 
of additional lava flows, layers of 
material within the mountain slid past 
one another, flattening and widening 
the profile of the volcano, and creating 
visible ripples in its surface. Olympus 
Mons is thought to lie on top of 
slippery sediment, contributing to 
the gradual shift of the mountain, 


“The core of Mars is now so 
cool that further eruptions 


are unlikely” 





(a 





Herschel Peak 


Saturn's moon Mimas has a 139km (86mi) crater, and 
resembles the Death Star from Star Wars. The crater’s 
central peak is about 7km (4.3mi) high, barely over a 


quarter of the height of Olympus Mons. 
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How it stacks up 






z Pa f Saturn's moon, Walnut-shaped 
Fa Mimas has a Death © moon Iapetus has a 
ie 5 Star-like crater tall equatorial ridge 


F ean . 


lapetus ridge 





Saturnian moon lapetus has a ridge that extends 

for 1,300km (808mi), and on average is 13km (8mi) 
tall. Mountains along the ridge rise to around 20km 
(12.4mi), just 5km (3.1mi) shorter than Olympus Mons. 





Take a tour of this 
Martian monster: 
the tallest peak in 
the Solar System 


and forming fractures in its structure 
at specific weak points, giving it an 
asymmetrical, wrinkled appearance. 

The incline of Olympus Mons 
averages little more than five degrees, 
and the entire mountain spans an 
area measuring 295,254 square 
kilometres (113,998 square miles) - 
larger than the United Kingdom and 
about the same size as the US state of 
Arizona. If an astronaut were to stand 
at the summit, Olympus Mons would 
look almost flat, and the slope of the 
mountain would extend past the 
horizon in all directions. 

The impact of this huge mountain 
is evident in the crust around it. 
The volcano is surrounded by a 
depressed ring in the ground, where 
the sheer weight of the solidified lava 
has compressed the crust beneath. 
The six stacked craters that make 
up the recessed caldera at the top 
of the mountain were formed when 





Mons Hadley 
Mons Hadley is a bend in the crust of the Moon, 
protruding 4.6km (2.9mi) from the surface. It 
measures 25km (15.5mi) across - over 600 of them 
could fit inside the area covered by Olympus Mons. 


subsurface magma chambers became 
depleted following eruption, causing 
the ground to cave in. Based on the 
size of the largest crater, scientists 
currently estimate that Olympus 
Mons contains a magma chamber 
extending 32 kilometres (20 miles) 
down from the summit. 

Shield volcanoes on Earth are 
miniature in comparison to those 
on Mars. Gravity on the Red Planet 
is only 38 per cent of that on Earth, 
allowing more material to build up on 
the surface before the crust beneath 
begins to sink. Mars also has much 
lower tectonic activity than Earth. On 
Earth, the crust is in constant motion; 
as huge tectonic plates move past one 
another, volcanic hotspots beneath 
the crust push to the surface, creating 
strings of new volcanoes as the plate 
slides over. In comparison, Mars has 
very little tectonic movement. The 
planet is much smaller than Earth, and 
its interior is now thought to be too 
cold to drive large plate movements. 
As aresult, the ground above volcanic 
hotspots remains static, allowing lava 
flows to build up over time. 

Olympus Mons is thought to be 
billions of years old, but some areas 
appear to have rock deposits left 
within the last few million years. 
However, the core of Mars is now 
so cool that further eruptions are 
unlikely. Despite this, landing probes 
on Olympus Mons is not currently 
a goal. The thin atmosphere at the 
summit would prevent parachute- 
assisted landing, and the mountain 
itself is covered in dust, making 
sample collection challenging. @ 


oY 


eee ott Apollo 15 
expedition landed 
near Mons Hadley 
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, but on 
ficantly larger scale 


signi 


Olympus Mons is similar to the 
volcanoes found on Earth 
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Deep space exploration 


DEEP SPACE 
E.XPLORATIO 


It's humankind's ‘final frontier’ but space is too big for us to conquer all in one 
go. All About Space speaks to Boeing's Michael Raftery on building gateways, 
using stepping stones and taking refuge in remote mountain cabins 


Written by Ben Biggs 








drive away; a few hours, 

perhaps, to the next country and 

a then, if you fancied it, you could easily 
| hop on a plane and be on other side of 
the world within a day or so. We're so used to 

3 having the world as our oyster that it’s easy to take 
for granted the societal and technological advances 

that have led us here in the first place: a century 

D ago considerable planning, money and time was 

N | involved in a trip across the Atlantic Ocean to the 
United States of America. Half a millennium ago, 
this was an endeavour braved only by a handful of 
intrepid European explorers who were backed by 
royal financing and resources. So when most people 
think of a manned mission to another planet they 

, might assume a big, chemical rocket is involved that 
| \ launches a manned vehicle out of Earth orbit, across 
. space to the target where a lander is deployed to 

. the surface. But even if chemical rockets were to be 

used at every stage of the journey that’s an endgame 

Fa mission, a means of reaching other planets and 
" Bie moons in our Solar System for many generations in 

r . the future. 

y wah In essence getting to Mars - the final step in 

aot what's known as the Global Exploration Roadmap 

2 “fe - and beyond will be much more like the furtive 
4 expeditions of yore. We have to scout ahead and set 


Poy N up a planetary ‘gateway’, a sort of deep space station | 


t “ _ 
Gi Today, your next nearest 


se city might be just a short 





where proven technologies and techniques can pave 

the way to a stepping-stone approach to expanding 

Ge " the frontier of human space exploration. 
, This is Boeing's long-term solution to the problem 

of a manned Martian mission, which space agencies 


worldwide are now beginning to focus on. The 
director of ISS Utilization and Exploration at Boeing, 
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Deep space exploration 


Michael Raftery, thinks that effective technology and 
infrastructure is only part of this complex equation. 

“The first thing that's important to say is that the 
idea of a gateway is to leverage the partnership that 
we've built with the ISS. So it's as much about the 
Management model as it is about the technology. 
That’s really important. So what we're proposing and 
promoting is that this be an international programme, 
that the hardware be sourced from international 
sources and it’s not a US-centric programme. The 
gateway itself will be much smaller than the ISS and 
we probably wouldn't have it manned all the time. 
We call that ‘man-tended’: people would be there only 
when they're there to do a mission of some kind, but 
most of the time there wouldn't be people there. 

“The reason is that we aren't trying to re-create a 
Space station to deep space - that really isn't what 
were doing. You need to think of this as more like 
a cabin in the mountains that hikers might stop at, 
to store some food and if there was a bad storm you 
might duck inside the cabin. It's more like that than 
the ISS is today. The ISS is a big research facility, it's 
like a giant laboratory in the sky. The gateway is more 
of an outpost that would be used to support missions 
to the surface of the Moon, an asteroid or to Mars.” 

Boeing's proposal is to build on what's been 
established with the International Space Station 
and create a platform for exploration that’s situated 
way beyond the ISS's 370-kilometre (230-mile) low 
Earth orbit, out at one of the Earth-Moon L1 or L2 
Lagrange points, which are also known as libration 
systems. At an altitude of over 1.5 million kilometres 
(932,000 miles) from the Earth, this gateway could 
serve a myriad of purposes: facilitating future 
missions to other planets and moons, servicing space 
observatories, forming a platform for the capture and 
investigation of near-Earth asteroids and becoming 
a vital refuelling and maintenance waypoint in 
forthcoming missions to the Moon and Mars. 

This concept of a cislunar gateway would be 
directed and maintained by established ISS control 
centres and infrastructure. The platform could easily 
support future manned lunar missions by providing a 
conveniently proximate docking platform that would 
allow longer mission durations and more time for 
vital research. There's also a cool piece of technology 
that would result directly from a gateway of this type: 
a reuseable lunar lander. The exploration platform 
could form the base for a small and relatively cheap 
lander moving to and from the surface of the Moon, 
to be refuelled and repaired in time for the next 
mission by a team of astronauts temporarily living in 
the platform habitat. Considering that the total cost 
of the first of six discarded Apollo lunar modules 
was reported to be $350 million (£213 million) in 
1962 (over $2.7 billion/£1.6 billion today), the prospect 
of Boeing's exploration platform has to be quite 
attractive to any Moon-bound space agency, for this 
reason alone. 

“The idea behind an exploration platform for a 
gateway,” continues Raftery, “is really about having a 
place that can be used for different kinds of missions 
in deep space. So the ISS is in low Earth orbit that, if 
you think about it in terms of energy or propellant 
and we're about two thirds of the way into deep 
space when you've in LEO... youre still a whole other 
third to go. That distance is quite a bit when you're 
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dealing with rockets and rocket propellant, things like 
that. So the idea is that most of the missions wee 
planning to do in the future that involve going to 
destinations like the Moon, an asteroid or Mars, you 
have to go into deep space. Having a place that would 
be like a jumping-off point for those missions.” 

One of the big advantages of this gateway that 
directly benefits high-profile missions running today 
is its potential use for space observatory repair, 
maintenance and upgrades. Hubble itself has been 
repaired and upgraded by no less than five separate 
service missions, with a launch for each, some 
of which required multiple EVAs (extravehicular 
activities - work that required an astronaut leaving 
their spacecraft) and total costs for all five missions 
that ran into the billions of dollars. All of this, for a 
telescope that’s in low Earth orbit. The efficiency of 
having a libration system platform would reduce the 
cost of servicing space telescopes and more besides. 


“I think a key benefit is for telescopes,” Raftery 

tells us. “All of our really large, new observatory- 

class telescopes are going to end up going out into 
the libration system. I think Hubble is the last big 
telescope we're going to put into LEO. If you look 

at the James Webb Space Telescope and the big 
telescopes of the future, the plan is to put them 

in Sun-Earth libration point number two. This is a 
different libration point, it's part of the Earth-Sun 
system, as opposed to the Earth-Moon system. But 
once youre in this libration system you can move 
around easily without using a lot of fuel. So having a 
place where you can base a crew, where you can do a 
repair mission (like we did with the Hubble telescope) 
to make these observatories last and extend their 
life... it's something that's extremely valuable. These 
things are really expensive and they have very high 
science returns, SO you want to keep them alive as 
long as you can.” 


“You need to think of this as a cabin 


in the mountains... if there was a bad 


storm you might duck inside it" 


An exploration 
gateway would 
rely heavily on 

solar power 
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The first step to human expansion into 


the Solar System? Place an exploration 
platform in space over a million kilometres = 
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from Earth 


Exploration platform 
Boeing's concept places its 
gateway at one of the L1 

or L2 Earth-Moon libration 
systems, around 1.5 million 
km (932,000mi) from Earth 
where it can facilitate a 


To Mars 


Earth-Moon L2 










® Asteroid study 
One of NASA's most recent, 
high-profile mission proposals 
involves sending an unmanned 
spacecraft out to capture a near- 
Earth asteroid and then tow it 
into orbit around the Moon. Here, 
it could be more easily studied 
for longer periods of time with an 
exploration platform in place. 


















variety of mission types. 


> coleyr-liean | Earth-Moon L1 


gateway 


ISS orbit @ 


Taking 
advantage 
of gravity 


Libration systems are important, but they're 
not simply convenient regions of space where 
we can dump probes, telescopes and future 
exploration platforms. These are high-energy 
systems far beyond the gravity wells of the 
Earth and the Moon where gravitational forces 
are balanced. The Sun-Earth libration systems 
Ll and L2 have been used for missions like 
the Herschel and Planck space observatories, 
and will be used as the final destination for 
the billion star-surveyor Gaia (which launched 
in December 2013) and the near-future James 
Webb Space Telescope. Spacecraft don't really 
go to these systems, they orbit them and 
once there they can move around freely, into 
other libration systems or orbits in a similarly 
high-energy state. Critically, they can do 

this without using very much energy at all, 

so sustainable, efficient and cost-effective 
propulsion systems that rely on solar energy 
come into their own here - exactly what 
Boeing has in mind with its own exploration 
platform proposal. 


RUS acess 
Orbiting around 
370km (230mi) above 
iWa(=M t=] UO RCMCO | Wee 
International Space 
Station would become 
a vital link between 

a cislunar gateway 

and the Earth, yoking 
its communication 
network and 
infrastructure to 
service the platform. 


















Sun-Earth L2 








© Major Moon missions 
| Naturally, a platform in 
OMT eR tte Verey 
will make landing there a 
lot easier and cheaper. A 
reuseable lander could be 
based on the platform and 
we could look at creating 
an outpost or a far-side 
radio telescope on our 
celestial companion. 





Space observatory 
2) 5y) 18 
New observatories like 


_ the James Webb Space 


Telescope will be placed ina 


Be liyerteye system, where they 


could easily be repaired and 

maintained by a modular , 
platform also orbitingan | 
Earth-Moon libration system. > ‘nh # 
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Deep space exploration 


While chemical rockets are the most practical 
solution that exists for getting the modules of an 
exploration gateway off Earth and into space, once it's 


e ] 
tira tae 
been assembled and is orbiting a libration system, it's exploration 
a very costly and inefficient way of moving around. 
Even the best chemical rockets in their class, such as RCo ae 


the RL-10 that has been flying in various forms since 


it first launched in the early-Sixties, are based on sWalencby components 
old technology. We can work on the manufacturing 

process to make them cheaper to build but, needed to take 
ultimately, the science doesn't change. manned missions to 


“If you look at what’s going on with SpaceX, 
they're revolutionising the way that rockets are built 
by mass producing them and applying modern 
manufacturing techniques. This trend is going to 
continue worldwide, you're going to see a lot of 
companies adopting the same kind of philosophy 
once the launch costs come down. What will happen 
in the future is that we'll have to move towards a 
more efficient kind of propulsion and the answer is 
really electric. I think what youre going to find is that 
solar electric propulsion is much more prevalent and 
popular in the future because it’s almost an order 
of magnitude more efficient. But it’s a different kind 
of propulsion: chemically you have high thrust and 
short duration, with electric you have low thrust 
and very long duration. So you have to get out of the 
gravity well and then electric propulsion really rules.” 

Boeing itself already has an ‘all-electric concept’ © Earth launch capsule 
satellite called the 702SP in the pipeline, that differs NASA's new manned spacecraft, 
from its predecessors in that it ditches the chemical Ne mel eae 
part of its propulsion system completely in favour of ole ne Oval 
solar electric power. This minimises its launch mass ue Pig eee Sahil 

and will be used by Boeing's 
by losing the rocket engine and fuel propellant, to Cre nite 
increase payload and make it a more energy-efficient the crew as they transit through 
craft. The 702SP operates up to a medium power SEY es ae 
range of around eight kilowatts, but part of Boeing's 
gateway proposal is a solar electric propulsion system 
with much greater ambitions. “That's the beginning 
of a trend,” Raftery explains. “These satellites will 
get bigger and bigger and the systems will get bigger 
and bigger. All we'll need to do is make a bigger 
solar array so you'll have more power. If you take the 
solar arrays on the ISS for example and used them, 
they'd be about a megawatt. A megawatt solar electric 
system - that's what we'd need for Mars.” 

Aligning its exploration gateway with the Global 
Exploration Roadmap, Boeing is looking to facilitate 


Mars and beyond 


Planetary return vehicle ® 

















Hea Ultimately, the crew will need to ELA AVA ee (om 
] get off the planet and return to the Dale lao 
aunc solar electric propulsion (SEP) tug Dele 
via the Mars Ascent Vehicle (MAV) inflatable aerodynamic 
rocket to get back home. The MAV's LOX/ decelerator (HIAD) to 


is in progress by NASA and aims ‘kick stage’ for the SEP tug on the Red Planet and can SEU 
lace the S Shuttl journey from and back to Earth. MAES allel 
ia anna eee or a surface habitat, for 


with a payload of 130 tons to low longer-term manned 
Earth orbit that would make it surface missions. 
the best lift vehicle yet. It would 
still require several launches to 
take the components (crew and 
cargo) of an exploration gateway 
into space. 
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Protective crew habitat 

For the seven-month long trip to Mars, the 
small crew will need life support, living space 
and supplies. It includes exercise equipment 


to combat the deteriorating effect of 
long-term exposure to microgravity, plus ® 
a radiation storm shelter. This module will 
be used for the return journey and can be EML2 
refitted for future missions. 
® Moon 
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While both Earth-Moon libration systems are 
appropriate for a gateway and the platform will 

be capable of moving between the two, EML2 on 
the far side of the Moon is currently the preferred 
location for the near future. This libration system 
will reduce the propellant requirements for the 
Orion module, plus there are many more far-side 
missions that are of interest to the worldwide 
Space community. Relocation will occur frequently 
during the lifetime of the platform and could 
involve dropping a lunar lander off onto the 
surface of the Moon while transitioning through 
lunar orbit to the opposite libration system. 


coe 
Pee eee 


Long-distance spacecraft 
One of the major components of 
the exploration gateway is the 
solar electric propulsion (SEP) 

1d 0f=amn MH Ce- leo) a(s eA yaa ec) 
ferry from Earth to Mars, with 
30 thrusters supplying 50 
kilowatts of power for a total 

of 1,500 kilowatts of power 

at one astronomical unit. The 
SEP portion carries atank with 
krypton propellant, which 
supplies a ‘kick stage’ that will 


be used to halve the timea 
dangerous manned trip to Mars 
would take, to 256 days. 
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Stepping 
ee COC mT ty [= 
Solar System 


How to use a gateway to 
explore the Red Planet 


Transport to gateway 

The SEP tug activates and takes the 

payload across the 1.5 million km 

(932,000 mi) journey to the gateway 

on the far side of the Moon. | fF SS =====— 





First launch 
The first of two (or possibly more) 
launches takes off. The first SLS 
launch carries the SEP tug and cargo 
lander (or a Mars Ascent Vehicle i 
(MAV) and habitat), which separates 
in low Earth orbit. 








mel adarslam lela ates 

Several SLS launches will be required to bring 
all the required components up from Earth 
into low Earth orbit and from there, onto the 
gateway. The crew is last to be launched in an y- ~~ 
Orion module. 












Last leg 
The SEP and transit habitat 
are refuelled, repaired and 





An Orion i parked up at the gateway 
spacecraft awaits | ready for the next mission, 
rescue on Earth — while the crew returns to 


Earth via the Orion module. 


a mid-2030s manned mission to Mars. Here, a Mf ‘ s : : 
spacecraft would be brought up to space in several Say the nation Wants to build da big tadio 
pieces by a number of launches on NASA's upcoming | nh f 1 d f nh M 

Space Launch System. It would then be assembled te ESCOPE OT) C e dI Sl eC O C eC OOT]. ee 

on Boeing's cislunar gateway and the final touches nh | | d 

put to the spacecraft, making repairs to components you ITlWg ( Teuse YOUI UNdl dq CIS 

that might have broken during launch or on the 


way to the libration system. Raftery doesn't think regularly - let's say the nation decides it wants to people in the community right now are working on 
this gateway will grow once it's been established, build some infrastructure on the Moon on the far how we're going to send people to Mars. And I think 


though - not like the ISS has over the years, anyway. side, a big radio telescope - then you might reuse What you'll find is that it’s likely we'll have to build 

“I doubt that the cabin in the mountains will get your lunar landers. And if you did that, you might spacecraft to make that happen and you're not going 
much bigger,” he says. “It will really depend on how base them at this place. Because it gives you a place to launch them all at once, you're going to launch 
these large spacecraft are put together. For instance, to reuse, refuel and refurbish them... It would all multiple pieces. The reason you'd do that is because 
if you were to use this as a place to go to the Moon depend on what path exploration takes. A lot of the out there, you're all the way out of the Earth’s gravity 
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A manned mission 
requires a habitat 
for the duration of 
the mission 





The manned 
Mars lander with 
heat shield on 


a 


atmospheric entry = 

94) Gateway assembly 

NMR eee eee 

craft is assembled ready 

for the crew to arrive. Any Mars arrival 05 

necessary last-minute repairs EW Alay ala ce. f 

are made before a trans-Mars at Mars, the 

injection (TMI) burn is made spacecraft will 

to send the crew on their move down to an 

two-year mission. orbit of 5,000km 

CM ele AWK 





the Mars lander 
separates from the 
SEP return stage, 
which stays in orbit. 





RCo an OD. 
The SEP tug with transit 
habitat in tow takes the 
crew on the 205-day 
journey back across 
oye com tamara 
gateway once a return 
window opens. 


O6 Leaving Mars 
After the crew has 
completed their mission 
on Mars, they use the MAV 
to return to the SEP tug 
awaiting them in orbit. 
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i outpost, maybe in the orbit of Mars, being the next 
\ t* logical step. You would then go from one to the next, 


i ih 
| 
i 











The SEP tug has a 
chemical engine 


RN 
\ . Vy - aan Ny then to the surface and then your outpost would be 
component to halve ANN - i a“ Ne on the surface of Mars. Then the orbit of Jupiter, onto 
Meta a ort Yo ) \\ ae ai mn Titan or one of the moons.” 
back to Earth a \ a a, A Be NA From there it doesn't take a big stretch of the 
<n NN mes A] iN i ‘ NY i iN NANA Se is c e s 

imagination to see how we might eventually expand, 
well. If you try to do it in LEO, you're going to end the Solar System and beyond would take a distinct explore and even colonise parts of our Solar System. 
up having to do some big chemical burns to get out pattern. “It’s just like anything with migration in We could enable difficult missions in the concept 
of there, which runs the risk of something breaking. humans,” he says. “If you think about how over the phase like the subsurface Europa probe, more easily 
So we're looking at the gateway as a way of having millennia humans have moved from place to place, study the outer planets Neptune or Pluto and create 
somewhere to assemble these spacecraft." they will often establish a beachhead or some kind a network of gateways and outposts that might 

If Boeing's concept is made reality, Raftery thinks of an outpost as a first step. Then they expand that one day, with the right technology, even facilitate a 

the future of human exploration and expansion into and establish another one. So you can imagine an mission to another star. @ 
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reasons for. 
an exploration 
CRINENY 


Why we need a platform to deep space 2 Everyone could use it 


In the spirit of the ISS and indeed, the international co-operation that 
ee 


the space community is renowned for, whether it’s a government 
agency, private business or amateur enterprise, anyone can apply 

for access to an exploration platform established at this gateway. By 
oO a 
lata ats 


collaborating on missions at this deep space hub, it could expedite our 
Much of this gateway for exploration 


expansion into the Solar System. 
already exists in one form or another, 
including the basic management 
model and its design, which is used 
for the International Space Station. 
Long prior to the completion of the 
ISS, a design for a polar orbiting 
platform was conceived that would 
use the resources of the ISS and help 
with other space missions. It was 
considered for a different orbit than 
Boeing’s exploration gateway, but the 
concept is very similar. 
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a 
MSP ie ccilyy 
flexible 


An exploration platform situated in a libration 
system could easily move around into different 
orbits, in turn reducing the risk and increasing the 
10Ce>e oy UNIMYae)Mp RULMUD Row ON NES) (o)elom dar Lmxe 

beyond low Earth orbit. 
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Missions currently in the pipeline 

that could directly benefit from an 
exploration gateway include private and 
government Moon missions, NASA‘s 
proposed mission to catch an asteroid 
and especially future deep space 
observatory missions, such as the James 
Webb Space Telescope. Yoking its level 
of flexibility, it could be used to decrease 
mission costs while increasing the duration 
or enabling other missions - especially 
more difficult and complicated missions to 
distant parts of space. It could certainly be 
. used in an eventual manned mission to Mars and 
Ca in the future, for creating exploration platforms 
in orbit around other planets. 
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PBS w ae 
technologies 


A reuseable lunar lander in particular is one of the 
technologies that could result directly from an exploration 
gateway. This type of technology (surface access systems) is 
generally very expensive but in conjunction with a platform 
of this type, no new breakthroughs would be required to 
create a reuseable lander. 
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Due to launch in early 2015, Sunjammer's lead scientist and L-Garde's company 
president tell us in their own words about the largest solar sail ever deployed 


By Amir S Gohardani and Nathan C Barnes 


® Biggest solar sail 


pa : ? ; Unless a competitor is 
ete fea alta mao Se saint 


The craft is able to support such a SCTE Rit 
huge sail by using an incredibly thin Ete na PLeR en 
and light, yet super-strong, material NAT e 
Ut pel olat The rele vely sail eis Sunjammer’s 1,200m2 
ie micrometres thick - that's 20 (13,000ft2) solar sail is 
d]na=oM dalla aCe) mn are] ORB lao ll ce a(=\-1 meni 
printer paper. It weighs just 7g per m2 
(0.020z per ft2) and remains stable at 
temperatures near absolute zero right 
up to 400°C (752°F). 













deployed, it will become 
the biggest of its kind. 























o)anle 

rhe incredibly low total weig Sa 
(around 32kg/70lb) and low volume means it ¢ 

be packed into a disposable module the size of < 

dishwasher and easily launched from Earth. It will 
be the secondary payload of a SpaceX Falcon 9 

rocket that's due to launch in January next year. — 
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Sunjammer’s solar sail is huge, but 
is thinner than the width of a hair 





L-Garde’s Sunjammer spacecraft will 
launch in 2015 and aims to travel 
around 3 million km (1.86 million mi) 
from Earth to test its capabilities 


| Belem ole (-8 
The Sunjammer is tipped with gimballed 
vanes at the end of each of the four boom 
arms, which allows the craft to orient the 
Sails in space. This means it will be able to 
point the sails in the direction of the Sun for a 
continuous, single power source without the 
need for any propellant fuel. 
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_ L-Garde technicians carefully unfold 
~ Sunjammer's perilously thin solar sail 


The scope of exciting space missions currently in 

the planning phase by NASA and other agencies has 
expanded in recent years, due to an increase in space 
activity and the public interest in space. Even though 
the retirement of the Shuttle has led to a proliferation 
of unmanned space missions, the ambition to 

enable space tourism and to exploit the low Earth 
orbit (LEO) for manned extraterrestrial activities still 
exists. Many private ventures seek to enable space 
transportation in the near future so the prospects of 
this type of manned space flight are quite positive. 
In addition to these private ventures, the exploration 
of other planets and other missions that seek to 
uncover the secrets of the Solar System are ongoing. 

The Sunjammer Technology Demonstration 
Mission (TDM) is a pioneer in its area, and its main 
objective is to showcase the capabilities of solar sails. 
Sunjammer is led by the private company L-Garde 
Incorporated, California, in collaboration with NASA 
and other partners, and is named after a short story 
by Sir Arthur C Clarke. It is planned for launch at 
the beginning of 2015. In pursuit of a relatively 
novel propulsion method for space exploration, the 
Sunjammer mission is designed with the following 
four objectives in mind: to demonstrate a segmented 
deployment of a solar sail, to demonstrate attitude 
control, to execute a navigation sequence with 
mission-capable accuracy and, finally, to fly to and 
maintain a particular position in space. 

Given the large number of space propulsion 
systems available, there is a question about the need 
to investigate propulsion systems like solar sails for 
the purpose of space navigation. But solar sails offer a 
distinct advantage over other propulsion systems, not 
least of all, they are propellant-less, so don't require 





sunjammer 


| 


a 


chemical fuel for propulsion. It can practically be 
represented by a reflective surface facing the Sun: 
when this surface is subjected to a steady barrage of 
photons, constantly reflecting off its shiny surface, 
the sail is impelled forward away from the Sun. Solar 
Sail missions have been proposed with objectives 

to explore Jupiter, Mars, the Galilean moons and 
even exploration endeavours beyond Neptune. In 
the Sunjammer TDM, the aim is to fly seven times 
the area of the largest sail ever flown in space and 
demonstrate the efficiency and practicality of this 
mode of propulsion. Moreover, this mission seeks to 
showcase the navigation of a highly manoeuvrable 
solar sail to a predefined location in space. 

In practice, the Sunjammer project will explore 
the possibility of enabling instrumentation on board 
a solar sail for navigation purposes and employing a 
simple warning system for the purpose of monitoring 
solar data. Although the included instrumentation 
on board the Sunjammer is not intended to provide a 
primary solar flare warning mechanism, the success 
of the Sunjammer mission would display the value of 
employing an advanced solar flare warning system 
in future solar sail missions. Monitoring of solar 
data is certainly important, considering a coronal 
mass ejection (CME) or solar flare could knock out 
the electrical grid on Earth. So the pursuit of solar 
Sails as an alternative technology for uncovering 
the mysteries of the universe, as well as an enabler 
for a new space exploration platform, was a key 
incentive for current members of Sunjammer TDM 
to join the project. The Sunjammer mission marks a 
new gateway to future exploration and discoveries, 
in the mission's extraordinary attempt to make the 
improbable a real possibility. @ 


“The pursuit of solar sails as an 


alternative technology for uncovering 
the mysteries of the universe... was key” 
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Buucing the world’s 
largest solar sail 


L-Garde president Nathan Barnes tells us about the challenges and applications 
of building a solar sail on the scale of Sunjammer 


Interviewed by Jonathan O'Callaghan 





Nathan Barnes 
Nathan Barnes is 
president of L-Garde. 

He is responsible for 

all operations at the 
company and is the 
principal investigator 

for the L-Garde 

NASA Technology 
Demonstration Missions 
solar sail programme 
that will build and fly 

a 1,200-square-metre 
(12,900-square-foot) 
solar sail as soon as 2015. 
Additionally, Barnes 

has been involved in 

the development of 
numerous deployable 
and gossamer structures 
including lighter-than- 
air systems, unmanned 
aerial vehicles, missile 
defense target systems, 
and space-based 
deployable structures. 
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What is L-Garde’s background in solar sails? 
L-Garde has been working on solar sails for a very 

long time. We started working on them on paper and 
theoretically in 1992. They've been postulated well 
before that obviously though, so we're not the first to 
invent them. We have done some deployments of them 
on the ground; in 2004 we deployed a solar sail roughly 
100 square metres [1,075 square feet] and in 2005 we 
went back and deployed a larger one, about 300 square 
metres [3,230 square feet]. At that time solar sails kind 

of fell off the NASA radar a little bit, and while they flew 
NanoSail-D2 [in 2010] they didn’t invest in any other large 
solar sails. What NASA has done now, however, is kind 

of give a shot in the arm to solar sail technologies [with 
Sunjammer]. The mission is now being shepherded by 
the new associate administrator of the Space Technology 
Mission Directorate at NASA, Dr Michael Gazarik. We're 
one of a very large portfolio of projects that he's trying to 
expand and develop in order to create technologies that 
will be useful for future missions. 


What does the Sunjammer mission entail? 
We proposed an aggressive and pretty far-out project, to 


This artist's illustration shows how Sunjammer 
will look when it is deployed in space 





build a great solar sail 1,200 square metres (12,900 square 
feet), roughly one third of an American football field. 

We intend to take that sail and launch it as a secondary, 
which means we're hitchhiking on a rocket. In March 
2013 we were manifested with the NOAO and NASA's 
DSCOVR [Deep Space Climate Observatory] spacecraft 
that will launch in early 2015. We'll launch on a Falcon 9 
vL.1 rocket and will be deployed with DSCOVR to the Ll 
point between Earth and the Sun. 


What will you do at the L1 point? 

Ll is a gravitational equilibrium point roughly 1.5 

million kilometres 930,000 miles) from Earth. When 
we get deployed in that vicinity we will do a very small 
propulsive burn and then we will deploy our solar sail. 
Our mission is to go flying out to twice the LI distance, or 
to asub-L1 point we call it, roughly 3 million kilometres 
(1.86 million miles) from Earth on the Earth-Sun line. 


Why is this sub-L1 point useful? 

DSCOVR is going to replace a spacecraft called ACE 
[Advanced Composition Explorer], and ACE is currently 
the only spacecraft sitting in between the Sun and Earth 
that monitors particles that come from the Sun during 
coronal mass ejections [CME] and solar flares. In a worst 
case scenario ACE provides about 40 minutes of warning 
time for folks on the ground. We intend to demonstrate 
that this solar sail can be used for this particular mission 
to go sit [at the sub-L1 point twice as close to the Sun] and 
halve that time. CMEs have the potential to wreak havoc 
on the civilised world infrastructure and IT systems. 


What is the ultimate goal of the 

Sunjammer mission? 

This technology demonstration would be the last 
demonstration required before the technology would 

be infused into industry or other applications. We've 
designed this mission around flying to this sub-L1 point 
to prove not only that we can deploy and steer a solar sail 
that’s larger than any ever flown, but also that we can use 
a solar sail for this particular mission. There are reams 
and reams of dissertations and theses defining missions 
that can be accomplished with solar sails, but we've kind 
of cherry-picked this low-hanging fruit one. 


What instruments will be on board 
the spacecraft? 


The UK Space Agency is sponsoring Imperial College 
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Sunjammer is seen 
here unfurled in a 
deployment test on Earth 
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"T think wee going 
to force some 
technology jumps 
in components 
and in spacecraft 
building that 
may not have 
otherwise 
occurred" 
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London and University College London to build a 
magnetometer and a plasma detector. These two 
instruments are crucial for heliophysicists to understand 
the particle flux and particle density of CMEs. So we'll 
be carrying along these two science-grade instruments 
to prove our case that a solar sail is a useful tool for 
positioning these instruments at a strategic location. 


What is the sail made of? 

The sail is built of Kapton, a material developed by 
DuPont. This will be the first solar sail built of 5-micron 
Kapton, which is roughly 10 to 12 times thinner than a 
human hair. So this is incredibly ethereal material, very 
thin stuff. The material is then coated with metal on both 
sides, which helps us create a reflective surface. The way 
a solar sail works is it reflects or absorbs photons from 

a light source. A photon doesn't have mass but it has 
momentum, and we want to take full advantage of that 


SW oCeM er icccmcocleneeleekaceeeoceniel 
front of the Sunjammer solar sail 





momentum and actually reflect the photon back in the 
opposite direction. That gives us the most amount of 
thrust in that piece of material. 


What are some other uses of solar sails? 

We like thinking about solar sails as taking payloads 
from various locations to other places. There have been 
folks at NASA who have written about solar sails as being 
a Way to return samples from Mars or from other places. 
We like to think about them as being a good element 

for cleaning up orbital debris, and at very high altitudes 
geosynchronous satellites and the like. There aren't too 
many phenomena that you can draw on in order to do 
orbit manoeuvres other than conventional propulsion 
systems, but solar sails are one of those other things that 
you can draw on. A solar sail attached to a spent rocket 
body or a derelict satellite could slowly tug them up into 
a graveyard orbit. There are a lot of things that they can 
do, although doing things fast and doing things with a lot 
of thrust are not the things that they can do. 


What impact will solar sails like Sunjammer 
have on the future of space travel? 

We're designing Sunjammer to be very future-proof. 
We're designing it to go out and demonstrate all of the 
capabilities and all of the things necessary to scale solar 
Sails to much larger areas. We'd like to scale Sunjammer- 
type solar sails up to 65,000 square metres (700,000 
square feet) and better, very huge solar sails. We're 
thinking about how we can scale this up and create very 
large sails to do much more intensive missions. Secondly, 
when we talk about solar sails being propellant-less, I 
like to think that the future is not solar sail proof. We're 
designing a new way to propel spacecraft that's going 

to cause spacecraft designers to have to think a little 
differently. Right now a lot of spacecraft are built around 
how much fuel they can carry, so the battery only needs 
to be good for 15 years because there's only 15 years of 
fuel on there. Now that we've lifted the burden of time 
from the designers’ plate, they need to begin to think 
about spacecraft that have lifetimes of the order of the 


g 
Voyager spacecraft. I think we're going to force some G 
technology jumps in components and in spacecraft A 
building that may not have otherwise occurred. @ 3 
59 





FutureTech Colossus telescope 
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- Size ). 
Colossus will be 
the world's largest - ) Secondary 
telescope and the mirrors 
highest resolution 60 secondary mirrors 
optical and WMO Rol dae leg =) 
infrared telescope five metres (16 feet) 
in existence. wide will focus the 
-~ light reflected by the 
n primary mirrors. 


__ Innovations 
Sayles) aaa gael aCe) wie Calg 
as hydrodynamic polishing, 
adaptive optics and thin- 
mirror slumping will keep the 
cost of the telescope down. 
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_ Primary mirrors 
60 primary mirrors, each 
eight metres (26 feet) wide, 
will collect the incoming light 
of distant objects including 
exoplanets and stars. 
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Colossus telescope 








If you view Earth at night from space, you will 
pee : notice that certain parts of the planet are more 
+ (ie apt Toro 9 ) illuminated than others thanks to artificial lights, 
ey 3 : br ce) : SIUC a MTS doteied oy nimeanyceKeydm oymecucstaldn = alee Mons 
: re | r | light isn't uniform, though; it’s clustered in areas of 
ee ae ee ee ee ie ae eae. higher population density, namely cities and towns, 
fon? ws Rees ahs . : : whereas rural areas remain relatively dark. 
Jay | : Hi : Fie : It has been suggested that if advanced alien 
eo : oe. | =. civilisations akin to ourselves do exist, then it is 
: = J . . likely they will have populated their planet in a 
Ne gas Se SEE Ra ee : ° similar manner. It has been proposed, therefore, that 
Sey ae weer pat. tg ae ae * en $e as we could find such alien civilisations on exoplanets 
7 a * dt Maras SS S See using a giant telescope with the capability to detect 
ligt me aig As bee oo ss 3 Se Ne about 500 these heat signatures. If planets could be found that 
Te te ically dark but thermally bright, it might be 
| = ae oa _‘Tight years from Earth. ee etd epic ; ae aaa 6 
sate - , RR , + evidence of an alien civilisation. 
; ; ae oe ete La eee a That is what the Colossus Consortium is 
anege . ; ~~ cee proposing. Its massive telescope, measuring up to 
a Ee Teed Pa ee ae \ 2 cee a ee 80 metres (260 feet) wide and costing $1 billion 
oe. oe - Se Ra AOE ie eee = ; , ae (£612 million), would have the power and sensitivity 
i eat : eos | required to spot the heat given off by alien cities 
on exoplanets. “Its size and optical design are just 
what's needed to peer into the atmosphere of these 
planets, both to see evidence of biomarkers and, 
for the nearest 500 stars, to look for the thermal 
fingerprint of Earth-like civilisations,” Jeff Kuhn, an 
astronomer at the University of Hawaii's Institute for 
Astronomy who is part of the proposal team, tells 
All About Space. 

Although no concrete location for the telescope 
has yet been decided upon, suggestions include the 
mountainous region of Baja California in Mexico. 
Here the huge mega-telescope, twice the size of the 
largest telescopes on Earth, would study planets 
around stars up to 70 light years away. 

Such a mission would be the first of its kind, 
viewing planets around stars in the infrared as 
opposed to simply finding planets by noticing their 
effects on their host star. “The Colossus telescope is 
a unique instrument designed to resolve extrasolar 
planets from their host stars,” explains Kuhn. 

The Colossus telescope will have other uses as 
well aside from exoplanets. It could be used to see 
the surfaces of other stars outside our Solar System, 
it could watch stars fall into the supermassive black 
hole at the centre of the Milky Way and it could also 
clearly image manned exploration efforts in Earth 
orbit and on the Moon. 

The project is being privately funded at the 
moment, and Kuhn says the company hopes to 
have a working telescope to test the technology for 
Colossus in the next five years. 


“Tt could be used 
to watch stars 
ofa belcon dels 

Supermassive 
black hole at the 
centre of the 
Milky Way” 
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% . At the centre of the Milky way lies an incredibly bright, complex 
; radio source, with what is believed to be a supermassive black 
: hole in it -‘the largest type of black hole in dele bIAVoEe 
: 
_ ry * 
A 
» «€ 
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Sagittarius A can be found in the 
Sagittarius constellation at the centre 
of our galaxy, about 26,000 light 
years away. It is known as a complex 
astronomical radio source, because it 
emits very strong radio waves. This 
phenomenon actually comprises 
three different overlapping elements: 
Sagittarius A East, Sagittarius A West 
and Sagittarius A* 

Sagittarius A East appears to be 
the remnant of a supernova, a highly 
energetic stellar explosion that likely 
occurred between 100,000 and 
35,000 BCE. It is about 25 light years 
across and the largest component of 
the phenomenon. 


Sagittarius A West is known as 
a ‘Minispiral’ because from Earth 
it appears as a three-armed spiral 
structure. It is made of ionised gas 
and dust clouds, which spin around 
the centre at up to 1,000 kilometres 
per second (621.4 miles per second). 
The ionisation comes from all of the 
hot, massive OB stars nearby. It is 
located off-centre inside Sagittarius 
A East, and its formation may be 
related to a supernova event. A 
clumpy ring of cooler gas called the 
Circumnuclear Disk (CND) surrounds 
Sagittarius A West, and the Northern 
Arm of its spiral may have once been 
part of the CND that fell due to the 


“The stars around it orbit 
faster than any other stars 
observed in the galaxy” 


Outer ring ® 
Also known as the Monoceros 
Ring, this complex filament of — 


dust and stars wraps around ty si cn 
the Milky Way three times. = 


Its origin is unknown, but it 
may be a part of the galaxy’'s 
disc formation process, or the — 
result of another event. | ; 


- 
Said = * 


@ Eagle Nebula 
This nebula in the Serpens 
constellation is an open cluster 
of stars that resembles an eagle 
in shape, located about 7,000 
light years from Earth. It contains 
several regions in which stars are 
forming, and is thought to house 
about 460 stars. 
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® Eta Carinae 
Eta Carinae, located 7,500 light 
years away, is a Stellar system in the 
Carina constellation. It contains at 
least two stars, one of which is a 
very hot supergiant with a mass of 
at least 30 solar masses. 


supernova. Other identified structures 
in Sagittarius A West are the Eastern 
Arm, the Bar, the Western Arc and the 
Minicavity. The first two are believed 
to be clouds much like the Northern 
Arm, while the Western Arc is actually 
the ionised inner surface of the 
CND. The Minicavity is a ‘hole’ in the 
Northern Arm, thought to be blown in 
by stellar wind from a nearby star. 
Most of the attention focused 
on Sagittarius A has to do with 
the phenomenon at the centre of 
Sagittarius A West. Called Sagittarius 
A* it is believed to be the site of a 
supermassive black hole. Observing 
Sagittarius A* in the visual spectrum 
hasn't been possible due to the 
high magnitude of extinction - the 
scattering and absorption of stellar 
light. However, we've observed X-rays, 
radio waves and infrared energy, 
which may be emitted from heated 
dust and gases as they meet with the 


Sagittarius B2 @ 
This giant molecular cloud of gas and dust 
is about 390 light years from the centre 
of our galaxy, covers an area about 150 
\¥ ~~. light years across, and has a mass about 3 
ek million times that of the Sun's mass. 
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—— a "_. a 
@ CrabNebula — 


Located in the constellation of Taurus, this 
pulsar wind nebula and supernova remnant 
is 6,500 light years from Earth. It contains 
the Crab Pulsar, a neutron star that emits 
gamma rays and radio waves in pulses as it 


spins about 30 times per second. 









massive gravity of Sagittarius A* and 
fall into the black hole. 

Most conclusions we've drawn 
about Sagittarius A* have come from 
observing stars around it, which orbit 
faster than any other stars observed 
in the galaxy. One of these is Source 
2 (also known as SO-2 or S2), which 
orbits Sagittarius A* on an elliptical 
orbit of about 123 AU. S2 is believed to 
be the fastest orbit of any star, going 
at least 5,000 kilometres per second 
(3,107 miles per second) at its closest 
approach to Sagittarius A*. However, 
it isn't the closest star to Sagittarius 
A*. In 2012, it was discovered that a 
star was orbiting the black hole with 
a period of 11.5 years, dubbed SO-102. 
Observing these and other stars have 
helped scientists come up with the 
estimated sizes and mass of 
Sagittarius A* @ 













~ In the Orion constellation lays 
one of the brightest nebulae, 
which is a cloud of interstellar 
dust and gas. This nebula 
is visible to the naked eye 
from Earth and is 1,344 light 
years away. Its observation 
has provided insight into 
the formation of stars and 
protoplanetary discs. 
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® Black hole (Sagittarius A*) 
We've long suspected that 
there was a black hole located 
at the centre of the Milky 
Way galaxy, and today most 
scientists agree that it's the 
most likely explanation. 


® Magnetism 
The centre of the Milky Way exerts a strong 
magnetic pull on stars, gases, dust and other 
Space material in the region. 








| The accretion 
disc around 
Sagittarius A* 


© A black hole typically has a disc-like structure 

around it, as its gravity well draws in material to 

grow. Sagittarius A* is considered a ‘quiet’ black hole - 

not emitting much and not ‘eating’ much. However, the 

* consumption of fuel sources such as stars can mean a release 
of extra energy, making the black hole come alive. Researchers 

recently detected flares coming from around Sagittarius A*. One source 

of flares is a gas cloud that has been drawn into the accretion disc. 










Stretching 
As the gas cloud orbits the black hole, it is 
stretched out. 


Gas cloud 
A gas cloud has been drawn into the accretion 
disc surrounding Sagittarius A*. 


Flares 

The cloud 
expands as it 
is stretched, 
and the 
release 

of energy 
creates 
flares. 











By co 
numbers 


IO0O000 


There cou ti be this many small 
black holes orbiting around 


Sagittarius A* 


Researchers find 

evidence that Sagittarius 

A* produces jets of high- Veal S 
energy particles 

| Ore many years ago 


This is the estimated CIV of the 
radiation emitted by Sagittarius A* 


26000 
light years 


The distance from Sagittarius A to Earth 






Sagittarius A* was 
discovered this 


Less than this 

amount of 

material that 

J comes near 
There may be a black hole the black 
with this solar mass located hole reaches 
Just three light years away O% its event 
from Sagittarius A* horizon 


Scientists have been studying 
the motions of 28 stars orbiting 
the Sagittarius A region to learn 
more about the black hole 
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Inside Sagittarius A 


What is the strange and powerful phenomenon inside the central region of our 
galaxy and what effect does it have on its environment? 


Sagittarius A* was first discovered by astronomers Observing Sagittarius A* as it ‘eats’ gives us into the accretion disc. Known as G2, the cloud has 
working at the National Radio Astronomy additional opportunities to learn more about the a highly eccentric orbit so it won't fall directly into 
Observatory (NRAO), but not much was known supermassive black hole, but unfortunately these Sagittarius A* but it will be captured as its orbit is 
about the black hole until more recent years, thanks opportunities are rare. In 2011, we discovered that brought closer in by the gravitational pull of the 

to both advancements in telescopes as well as the a gas cloud - one with a mass approximately three black hole. Some scientists theorise that there is a 
ability to observe the stars SO-2 and SO-102 for their times that of the Earth's - was being pulled into the star hidden in the cloud that could be feeding the 
full orbital periods. Black holes are some of the most accretion disc of the black hole, providing us with cloud with gas. Observing how the dust and gas of 
mysterious space phenomena, in part because it’s such an opportunity. As it got closer, the cloud sped G2 accretes will hopefully tell us more about how our 
not possible to directly observe them. Sagittarius A’, up and elongated. Over the next few months, some galaxy's supermassive black hole eats as well as its 
like most black holes, probably emits a hypothetical of the cloud's material is expected to be absorbed angular momentum, or spin. @ 


type of electromagnetic radiation known as Hawking 


radiation at a very low temperature. However, its " Some sclentists believe that Sa ittarlus 


presence is the simplest explanation for everything 


that we have observed from the region - the a WadaS the site of d massive CXD osion 


radio, X-ray and infrared emissions as well as its 


gravitational interactions with surrounding stars and ab out 2 million YedIs d O that made d 
other material. From this, we have determined that . . " 

its event horizon - or the boundary beyond which bal] of light the Sl Ze of C e Mo Of) 

no matter can escape - has a diameter of about 24 


million kilometres (15 million miles). Sagittarius A* is 
also estimated to have a mass that’s about 4 million 


@ 
solar masses. el i fey a megs 
Not only are we quite sure that it’s there, but bl Fe i | 4 
Sagittarius A* has enough size to be classified as ac 0 e ea bd 


supermassive. We've also learned that Sagittarius A* This year weve had the opportunity 

is consuming material around it - it’s huge, and it’s ; : , 

growing. However, it appears to have a relatively slow io Oa Ais Leroi sled ETB LBS SET el 

rate of accretion compared to other supermassive A‘ ona ibis xels) cloud ePIC mei Le ULL 


stellar winds shearing material 
a off nearby young massive ~* 
G2 orbit stars, or even stellar winds 
from a double star in the region 
colliding against each gther: 


black holes. Sagittarius A* is also considered to be 
a somewhat messy eater, as most of the gaseous 
material drawn in is ejected. Although black holes 
have the reputation of absorbing everything that This gas cloud has a highly 
comes near, that’s not actually possible. The gas et ER initially 
around the black hole is extremely hot, diffuse and op AC ie uy Shea NS ar 5 
fast-moving; it must cool and slow down before it Selene ASN (21 Se TEMS 

to have recently passed within 
passes into the event horizon, or boundary, of the AO billion km (25 billion mi) of it. 
black hole. So in order for Sagittarius A* to absorb any 
gas at all, most of it has to be spat back out. 


Some of the bodies believed to have been G2 cloud. , 
absorbed by Sagittarius A* include stars, asteroids The speed of the cloyid has 
and comets in addition to cosmic dust and gas. When doubled as it has approached 
an asteroid, for example, comes within roughly 160 the black hole, andis being 


stretched along its orbit by the 


million kilometres (lOO million miles) of Sagittarius baptas 
gravitational pull. 


A* it would be torn into pieces. The pieces would 
then be vaporised and generate heat - potentially 
measurable as flares - as they were pulled into the 
black hole. 

Some scientists also believe that Sagittarius A* 
was the site of a massive explosion about 2 million 
years ago that made a ball of light the size of the 
Moon. This probably occurred when a large gas cloud 
fell into the black hole. One piece of evidence is an 
unusual glow emitted by the Magellanic Stream that 
follows behind two small galaxies near ours - the 
Large and Small Magellanic Clouds. This could be a 
sort of record of a major past explosion in the centre 
of the Milky Way. 
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_ Is Earth 
in danger? 
Supermassive black holes can range 
from very active, pulling in lots of 
matter, to rather slow and plodding. 
If a supermassive black hole goes 
hyperactive it may produce an AGN 
(active galactic nucleus), drawing 
in lots of superheated gas. This 
results in bright X-ray light and 
radio emissions. Sagittarius A* has 
had some activity, but nothing to 
indicate that it has an AGN. The vast 
majority of observed galaxies around 
the size of the Milky Way do not 
have hyperactive black holes at their 
centres, so the odds are low that 
Sagittarius A* is going to get there. If 
this ever did happen, the area around 
the black hole would send out lots 
of potentially harmful radiation, but 
it would not be enough to harm life 
on Earth. Closer planets and other 
bodies could be affected, however. 






These images from the Chandra X-ray Observatory 
show that clouds near Sagittarius A* may be echoing 
back light from an X-ray outburst 50 years earlier 





Gas lost 
This simulation (depicting 
the expected positions of the 

- gas cloud and surrounding 

stars in 2021) shows the 

Pte te of G2 dispersing. 
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Eves on the 
stellar void 


Nothing escapes the gravity of a black hole, not 
even light, so science has developed some clever 
techniques to aid the detection of Sagittarius A* 


We wouldn't know much about Sagittarius A* 
without the hard work of scientists around the 
world and the amazing advances in observational 
capabilities. Observing the faint frequencies emitted 
by the area around the black hole from Earth can be 
challenging, so ground-based telescopes have to be 
very large and placed in high areas. This also means 
using systems and arrays of telescopes. In more 
recent years, we've launched space observatories to 
















This close-up image taken by Chandra shows hot 
} gas being pulled towards the event horizon 





aid in learning more about the black hole. 

Sagittarius A* was first discovered using the 
baseline interferometer at the National Radio 
Astronomy Observatory (NRAO), which operates 
the world’s largest fully steerable radio telescope. It 
also operates the Very Long Baseline Array (VLBA), 
a system of ten radio telescopes around the United 
States. Very-long-baseline interferometry (VLBI) has 
been used to image Sagittarius A*, as the telescopes 
included observe frequencies simultaneously and 
function as one huge telescope. VLBI arrays are 
located in Australia, Canada, Europe, Japan, Russia 
and the United States, as well as satellites placed in 
Earth orbit. There's also the Very Large Array (VLA) 
and Very Large Telescope (VLT) operated by the 
NRAO in New Mexico and the European Southern 
Observatory in Chile, respectively. 

There are also numerous other observatories that 
study signals from Sagittarius A*, including X-rays 
and gamma rays. The European Space Agency 
has two different satellites: the XMM-Newton 


(X-ray Multi-Mirror Mission - Newton), an orbiting 
X-ray observatory, and INTErnational Gamma-Ray 
Astrophysics Laboratory (INTEGRAL), the most 
sensitive gamma ray observatory ever built. There's 
also NASA's Swift Gamma-Ray Burst Mission, the 
space-based X-ray telescope NuSTAR (Nuclear 
Spectroscopic Telescope Array), and the Fermi 
Gamma-ray Space Telescope (FGST). 

The observatory that gets the most attention 
in relation to Sagittarius A* is the Chandra X-ray 
Observatory. Launched by NASA in 1999, this Earth 
satellite is 1OO times more sensitive to X-ray sources 
than any previous X-ray telescope. It’s able to detect 
X-ray emissions from high-energy parts of the 
universe, including exploded stars, matter around 
black holes and clusters of galaxies. Some consider it 
to be as important as Galileo's first telescope because 
of how far it has helped to advance the field of X-ray 
astronomy. X-rays strike the four nested mirrors 
inside and are focused on scientific instruments. 
Chandra was placed in an elliptical high Earth orbit 
so it could avoid interference from the charged 
particles around the planet - at its furthest point, it’s 
a third of the way to the Moon and flies over 200 
times higher than the Hubble Space Telescope. 

Chandra recorded the first X-ray emission from 
Sagittarius A* in 2001 and since then it has spent 
numerous hours observing the black hole. In 2012, 
Chandra spent about five weeks observing the gas 
swirling around Sagittarius A* to produce X-ray 
images that helped us to understand why the X-rays 
are so faint in the first place - that most of the 
material doesn't make it into the black hole'’s event 
horizon. Now it's studying the descent of the gas 
cloud G2 into Sagittarius A*. Because of its sensitivity, 
Chandra is uniquely qualified to provide detailed 
images of what exactly happens as the black hole 
consumes the gas cloud. If a star is in fact hiding in 
the cloud and feeding it with gas, it could be a very 
interesting show. @ 


“The Chandra X-ray Observatory is 100 


times more sensitive to X-ray sources 


Observing Sagittarius 


Near infrared 

The near infrared image of Sagittarius 
A gives a bright, calm view of this 
complex radio source. 


eye) 


Mid infrared 

This mid infrared image shows 
the ‘arms’ of the Sagittarius A 
West structure. 


X-ray 


orbiting Sagittarius A*. 


than any previous X-ray telescope” 


Around the centre of this image there 
is a distribution of massive stars 





Composite 

This image of Sagittarius A is a 
composite of both X-ray and infrared 
images taken by Chandra. 
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Chandra X-ray d 
ate at Pra 


Chandra X-ray 
Observatory 


Launch: 23 July 1999 

Launch vehicle: Space Shuttle 
Columbia (STS-93) 

Mass: 4,790kg (10,560lIb) 


Spacecraft module 
z S Length: 13.7m (45ft) 


Located at the mirror end of 








the telescope, this module Orbit type: High-Earth elliptical 
, contains all of the VAs Earliest de-orbit date: 2014 
required to operate the ; ; . 
craft and communicate. | @ Aspect Camera Major DISCoventes: 
te Light Shade Chandra has made numerous 
COTATI COn RC discoveries, including finding 
monitor and control substantial evidence that dark 
the location of matter exists and that nearly all 
High Resolution ®@ > where the telescope main-sequence stars emit X-rays. 
Camera (HRC) | . is pointed, which It provided the first light images 
Used in conjunction “ae requires exacting of supernova remnant Cassiopeia 
with the mirrors, this precision on the part A and images of a large galaxy 
camera can take images ate consuming a smaller galaxy. Most 
Se ¢ recently it found evidence of an 


details about its subject 
meee (UNC) me) i 
being able to read a 
newspaper at just under 
1km (0.62mi). 









incredibly dense dwarf galaxy 
over 50 million light years from 
Earth, dubbed M60-UCDI1. 





® Integrated 
Science Instrument 


Module (ISIM) 7 
The focal instruments “SSN ¢ & 
- the ACIS and the : SANE 
HRC - are located on ™ Advanced CCD Imaging 
the Integrated Science Spectrometer (ACIS) 
Instrument Module (or The ACIS is an array of charged 
ISIM), which also contains coupled devices and can measure 
the instruments to the energy of incoming X-rays while 
operate them. ocr] asada oM Te 
Pi 
vf Y 


® Low Gain Antenna 
The two antennas on 
Chandra communicate 


Transmission ® 





sid tee with the Operations 
Control Centre (OCC). 
area ele | 
Chandra perform i a am aceeve)eitiele 
aV4percecxe) (elt (ola) Mirror Assembly 
spectrometry. They The four mirrors of 
intercept the X-rays the telescope, and 
that are reflected their support system, 
OVA UAT MINE ROLES are housed here. 


This image shows Chandra in the payload 
bay of the Space Shuttle Columbia just prior 
to its launch 
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ALMA from above 


A hexacopter takes a stunning high-altitude snap of the ALMA observatory 


The Atacama Large Millimeter/submillimeter Array this particular instrument one of the foremost a digital camera attached. The hexacopter weighs a 

is found at an altitude of over 5,000 metres (16,400 observatories in the world. Moreover, each of the total of 2.3 kilograms (just over five pounds), which 
feet) above sea level, in the Atacama Desert, Chile. 12-metre/40-foot-diameter antennae can be moved isn’t much but at the high altitude of the ALMA array, 
It’s made up of 66 radio antennae (the entire array across the high-altitude plateau over distances from it makes flight with this type of craft very difficult 
has only recently been completed) that act as an 150 metres (492 feet) to 16 kilometres (ten miles), because the air is so thin. The team had to wait for 
astronomical interferometer - in other words, they giving the observatory a powerful zoom to focus on a particularly still and cold morning when the air 
work together to provide extremely high-resolution deep sky objects of particular interest. was most dense (before it had a chance to warm 
images of celestial objects. The size of the dishes, This aerial image was taken recently by the and expand in the morning sunshine) to get the 

their number, the area that ALMA can work across European Southern Observatory’s hexacopter, a small, hexacopter up to the height they needed to take this 
plus the high altitude and air quality makes remote-controlled helicopter with six rotor blades and stunning photograph. 





ALMA recently upgraded toa 
total of 66 radio antennae that 
work as one telescope 


70 





ALMA from above 


Even the six rotors of the hexacopter struggled 
to lift the camera high enough at the extreme 
altitude of the observatory plateau 
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National Space Academy 
Education Officer 
Sophie studied 

* astrophysics at 
university. She has 

a special interest in 
astrobiology and 
planetary science. 
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Presenter 

Wi Having achieved 

a Master's in physics 
and astrophysics, Josh 
continues to pursue his 
interests in space at the 
National Space Centre. 
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Master's degree in 
interdisciplinary science 
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scientific disciplines. 
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Sunlight passing through the 
Earth's atmosphere gives the 
Moon a red appearance during a 


total lunar eclipse 
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of Planet Earth 
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Jane Hawkins 
“as Tring Astronomy Centre 

Bf Janeis part ofa 

family of enthusiastic 


amateur astronomers, 

whose love of 

ae: a a ae Typically an exposure time of 
Sari oie around 15 minutes is a good starting 

and shape their business. 


point in capturing star trails 
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appear red? 


During a total lunar eclipse, 

light is bent and filtered as it 
passes through the Earth's 
atmosphere, causing red light 
to shine on the Moon. 

For us to be able to see 
an eclipse from Earth, our 
planet must move directly 
between the Moon and the 
Sun, causing Earth's shadow 
to fall across the lunar 
surface. At total eclipse, 

when you would expect the 
Moon to be totally obscured 





Update your knowledge at. 
WWW.sSpaceanswers.com | 
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Why do lunar eclipses 


by the Earth's shadow, the Moon 
appears red. 

As the Earth blocks the path 
between the Sun and the Moon, 
sunlight is still able to shine through 
the halo of gas that surrounds our 
planet, our atmosphere. 

However, the light does not make 
it through our atmosphere entirely 
unchanged. Light is composed of a 
spectrum of colours and only the 
reddish component makes it out the 
other side and this is what gives the 
Moon its reddish appearance. ZB 
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w can I tz re 
‘star trail image? 


To capture a star rie created by a star's apparent motion - you 
will first need Fi) place your camera on a tripod and compose 

(ol ubmpb ents txo with the lens pointing up towards a clear patch of 
sky. Usually a 30-second exposure is enough for you to start to 
see the beginning of a star trail, but typically an exposure time 
of around 15 minutes is a good starting point. Keep your ISO 
below 400 to minimise noise and your aperture open as much 
as possible. The settings will depend on your foreground but try 
to keep to £5.6 or wider or your stars may become too faint. 

To achieve long exposures, with longer streaks, you will need 

to use EU conle camera release in conjunction with the bulb 
setting-On your camera. Fixing the star Polaris in the centre of 
your field of view will result in fabulous concentric circles. ZT 











What's the most 
distant object my 
telescope can see? 


It all depends on how big your telescope's aperture 
is; the larger it is, the fainter and more distant the 
object you'll be able to see. Despite the fact that 
Andromeda is a massive galaxy it only appears 
to us as a tiny point in the sky with the unaided 
eye so we need to make it brighter and larger with 
a telescope. The key to the brightness, and the 
subsequent magnification we can apply comes 
down to the light-gathering power of the telescope 
you have, which is directly related to the aperture. 
The best way to answer this question is to talk 
about the faintest star you can see with your 
telescope. With a four-inch telescope you could see 
Stars as faint as around 12.7 magnitude and with 
an eight-inch telescope you can see down to about 
magnitude 14.2, assuming exceptionally good 
seeing conditions. SB 
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Which eyepieces are best for 
viewing the planets? 


This depends on your telescope’s 
focal length. If the focal length is 

not known, you can calculate it, 
multiplying the objective diameter 
(aperture) in millimetres, by the focal 
ratio. So a 6in (52mm) telescope with 
a focal ratio of £8, would have a focal 
length of 1,216mm. Ideally, you need a 
magnification of at least 180 times. An 
eyepiece of focal length 6.5mm will 
give you a magnification of 187 times, 


There are several eyepieces 
that will allow you to view 
planets and their moons 





The larger your 
telescope's 
aperture, the 
fainter the 
objects you will 
be able to see 
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allowing you to view the planets and 
their moons. For more detail, a 4mm 
eyepiece would give a magnification 
of 304 times. One recommendation 
could be that you buy an 8mm and 
13mm eyepiece together with a 2x 
Barlow lens. The Barlow lens will halve 
the eyepiece focal length and so give 
you four possible magnifications of 94 
times, 152 times, 187 times and 304 
times. GM 
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A star's colour can give 


| us information about its * 


mass and'size 


Reisaac 
Can I build 


ne rey tanl 
telescope? 


You can, but how easy it is depends 
on which type you build. Refractors 


require lenses, which can be 


expensive when compared to a set 
of mirrors for a reflector. Generally, 


the more you pay for the optical 


components, the better. There are 


plenty of designs available; from 


simple ‘knock together’ telescopes, 
to more complex designs. Reflecting 
telescopes are simpler to construct 
and are generally cheaper to build. 


Think carefully about what type 


of observing you 
SO 
yy; Pr carry out lots 
—, of research 
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What does a 
star's colour 
tell us? 


The colours of the stars tell us 
that they can be very different 
in terms of size and mass. Many 
stars emit their own light by 
burning hydrogen fuel through 
fusion, coming in different 
sizes, Masses and burning at 
different temperatures. Our 

Sun - a yellow star - is in the 
middle of the temperature 
range. Cooler stars are more 
towards the orange and red end 
of the spectrum. Stars warmer 
than the Sun are whiter and 
even hotter ones are blue. As 
stars age, they evolve - our own 
Sun will gradually turn orange, 
before expanding into a red 
giant, blowing off its outer layers 
to reveal its core - a hot white 
dwarf star. SB 
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What is a sundog? 


colouring - are best seen and are 
most conspicuous when looking 
towards the Sun when it’s low in 
the sky. The scientific name for a 
sundog is parhelion and they can 
be seen all year round although are 
most common in the winter when 
the Sun is low in the sky. JH 


Sundogs usually appear as a 
coloured patch of light to the 

left or right of the Sun and 

are caused by the Sun shining 
through ice crystals in the 
atmosphere. Rainbows are usually 
YorcJ MIG eae Ccmle bem o\=eIieCG Mm Yo)UemD)pIE 
sundogs - which take on a rainbow 


Sundogs are caused by the 
Sun shining through ice 
crystals in the atmosphere 
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i 
Venus, pictured here with ie 
Moon, orbits the Sun too closely for 
us to be able to see it all of the time 


see inner planet Venus? 


The main reason we are not able to 
see as much of Venus as we do of the 
outer planets is due to the fact that 
Venus orbits so closely to the Sun 
and, when the Sun sets, Venus will set 
shortly afterwards. On the other hand, 
however, Venus's proximity to the Sun 


@ 
What does a GoTo 
telescope do? 


A GoTo telescope has an on-board 
computer with a database of 
astronomical objects visible in the 
Sky. These include Solar System 
objects (the Moon, planets, major 
asteroids and comets), deep sky 
objects (galaxies, star clusters and 
nebulae from major catalogues 
including Messier, Caldwell and NGC) 
and brighter stars such as double or 
multiple star systems which can be 
objects of great beauty in the night 
sky. It is common for entry-level 
GoTo telescopes to have databases 
containing 40,000+ objects - which 
represent a massive amount of 
observing time! 

The telescope, once set up, is then 
able to locate the object in the sky 
for you, rather than you having to 
find it yourself. This technology has 
revolutionised amateur astronomy in 
recent years. SB 
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does mean we are often able to see it 
during the day! 

In addition to this, in order to see 
a planet, we rely on light from the 
Sun reflecting off the planet and back 
towards us. Since at night observers 
are on the side of the Earth facing 


away from the Sun, they are generally 
looking in the opposite direction to the 
inner planets. There is only a limited 
set of positions in which the Sun, Venus 
and the Earth can line up allowing 
reflected light from Venus to reach an 
observer on the night side. SA 




























Entry-level 
GoTo telescopes 
have databases 
containing 
40,000+ night 
sky objects 
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~ What is the difference 
between CCD and 
DSLR cameras? 
Most DSLR cameras contain 
a CCD as an imaging sensor. 
Dedicated astronomy CCD 
cameras are much smaller and 
lighter as they do not have all 
the controls built in and require a 
computer to operate them. 


~~ Why is a dark 
frame important in 
astrophotography? 
Each digital image taken will have 
noise’ on it; imperfections created 
by the sensor chip. Dark frames, 
taken with the shutter closed 
and subtracted from the normal 
picture, help reduce this noise. 


What do I need to 
attach my camera to my 
telescope? 

Compact cameras, single-lens 

reflex (SLR) cameras and even 

smartphones can be attached 

to your telescope - but different 

brackets and/or adaptors will be 

required in each case. 





~ Can Isee the 
Andromeda Galaxy 
with the naked eye? 
Yes, however, a good, dark sky site 
is a must, as is waiting for your 
eyes to adjust to the darkness. 
Averted vision allows Andromeda 
to be seen to a greater extent. 


_. How can I stop 
condensation on my 
telescope? 

First, try a different location or a 

dew shield (a simple, internally 

blackened tube) protruding 

from the front of the telescope 

to delay condensation. To stop 

condensation completely, heated 
dew control systems will help but 
can be fiddly and expensive. 


~~ What is spherical 
aberration? 

Spherical aberration creates a loss 

in the definition of an image and 

is caused by light rays failing to 

arrive at the same focal point, 

resulting in an imperfect image. 









Quick-fire 
questions 





@spaceanswers 


Why is there sometimes 

a ring around the Moon? 
Tiny ice crystals in cirrus clouds 
reflect and refract the Moon's light 
in a way that it appears as a ring 
to the observer. More scientifically 
it is called a ‘halo’. 


What's the best way to 
clean a telescope? 
The short answer: carefully! Use 
an air duster or lens brush to 
remove dust, then optical fluid 
and lint-free cloth to remove any 
grease marks. 


What is one-shot colour 

astrophotography? 
Cameras capable of one-shot 
colour astrophotography allow a 
colour image to be taken without 
having to worry about separate 
red, green and blue filters. 


What's the smallest 

angle my telescope 

can resolve? 
The smallest angle of resolution 
is given by 2.52 x 105 multiplied 
by the wavelength being viewed, 
then divided by your telescope’s 
aperture. Resolution depends 
on both aperture and the 
wavelength being observed; the 
best resolution being obtained 
with a large aperture and a small 
wavelength. 


Why use H-alpha in 

my images? 
The cosmos is abundant in 
hydrogen, the most frequent 
element in the universe. H-alpha 
filters help to see one of the many 
H-alpha emission lines that lie in 
the visible part of the spectrum, 
at 656nm. 


What does ‘CfDS' 
stand for? 
The Campaign for Dark Skies 
(C£DS) is the UK's largest anti- 
light-pollution group. They are 
concerned with preserving dark 
skies for astronomers. 
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What do I need to do to polar 
align my telescope? 


To polar align your telescope you 
must set up your telescope with the 
telescope tube pointing north, using 

a compass or just look for Polaris (the 
North Star). The telescope mount must 
also be level. Rotate the telescope 

tube to read 90° in declination. Set 

the latitude scale on the mount to 
your latitude (not necessary if your 
telescope mount has a wedge). This 


will determine how high the polar 

axis will be above the horizon. Polaris 
should now be in your field of view. 
Make small adjustments in declination 
(up and down) and azimuth (side to 
side) to centre Polaris in a low-powered 
eyepiece or on the cross-hairs in the 
finderscope. Once an object is found 

it should only be necessary to adjust 
your scope in right ascension. GM 





A counterbalance will help to 
achieve good tracking 


@Quom™ 
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How do 
Iuse my 
telescope's 
counter- 
balance? 


A counterbalance is an essential 
part of equatorial mounts. 
Balancing of your instrument 

- which counterbalances help 

to achieve - is one of the most 
important things that has to 

be done during the setup of a 
telescope. Proper balancing will 
help to achieve good tracking. 
Counterbalances can also be 
found on altazimuth fork mounts 
that help to balance out heavy 
equipment. The user has to move 
the counterbalance into such a 
position (along the counterweight 
bar or dovetail bar) that the 
common centre of gravity of the 
system will lie - above the pivot 
point or centre point of rotation - in 
simpler terms, the cross-section of 
the two axes. ZT 
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Free programs, 
such as RegiStax, 
are great for getting 
started in image 
processing 


© 
Which software can I 
use for astrophotography? 


Astrophotography (astroimaging) is results. Correct equipment is a must - 
one of the more complicated subsets including the software. Free programs 
both of astronomy and of photography from the web such as RegiStax, 

- but to the dedicated, can be a very FireCapture, WinJUPOS, Stellarium and 
rewarding pastime. Amateurs today DeepSkyStacker are great programs to 
can take images that rival earlier begin with. More proficient software 


efforts by the Hubble Space Telescope, is available from many companies 
thanks to modern software and including Backyard EOS and APT - and 
image processing techniques. Digital arguably the best tutorial is PixInsight. 


imaging allows individual images However, those who stay with the 


to be processed, stacked together, game invariably end up with MaxIm Wie lms a ELT, tel the life of a 
and mosaicked to produce stunning DL from Cyanogen Imaging. SB PD e ) 
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How can I discover a comet? OF GRAVITY 


Amateur astronomy is an incredibly useful The incredible properties of the 
tool for comet discovery, with many found most powerful force in the universe 


by people in their backyards using simple 

telescopes and binoculars. Comets and ALL ABOUT THE 
| | eco 

can be tricky to spot even with the most . ASTEROID BELT 


other transient objects, such as asteroids, 
advanced equipment. This is due to their We investi igat e this fascinatin g 


























low magnitudes. The easiest way to find 

them is to look for these dim shifting - region of the Solar system 

objects moving over the course of an “F 

evening or a few days. Most can be spotted TOP 20 UNSOLVED 

using small telescopes and even a good ; 

pair of binoculars. on ' SPACE MYSTERIES 
Our network of amateur astronomers is = Weird and wonderful cosmic 

useful as it increases the amount of sky ie ae conundrums that have 

being observed. This increases the chance ir - | 

that these difficult objects will be found. } astronomers battled 

Many prolific comet hunters have been 


In orbit 
amateurs’ responsible for el oO Rls 


comets such as Comet Lovejoy. JB 
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In this 


: stargazing sites 
issue... 


Top dark sky sites from 
around the world 





Ask any astronomer what their 
greatest hindrance is during a typical 
observing session and you're likely 
to be answered quite quickly with 
‘light pollution’. That’s because this 
misdirected and, often excessive, 
artificial light seeps into the night 
from lit-up towns and cities, washing 
out the faint dark sky treasures that 
stargazers take great pleasure in 
imaging and gazing upon. And, with 
more areas being built, the problem 
seems to be getting worse, obscuring 
our beautiful starry skies with an 
orange haze. 


“The IDA is the astronomer’s 
best friend. Working to 
keep areas such as parks 
relatively free from light” 


Gold, silver or bronze? 


Gold 


Artificial light and skyglow: 
Observer not distracted by 
glare of light sources. Light 
domes are dim and restricted 
to the sky closest to horizon. 
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| This month's must-see 
sights in both hemispheres 
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All About Space leaves the bright city 
lights for some of Earth's darkest skies 


\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


sled Red ice 
Ma) 4, 


Our guide to keeping a 
logbook of your observations 


93 Astronomy 
cms a 


FAmsiaUneieHIBtca<(e0)e\ou- 8G! 
some cool kit reviewed 


sien CRT iN" 
telescope 


A selection of your best 
astronomy photos this month 


a(erllecit 
Stargazing 











That’s why the International 
Dark-Sky Association (IDA) is the 7 ; 
astronomer's best friend. Working 3 ; ss 
with parks, reserves and communities ae Fs 
to keep areas relatively free from 
light, the IDA also focuses on heavily 
lit regions by finding ways to keep 
lighting to a minimum or suggesting 
night sky-friendly streetlights. The 
stargazer's enemy is slowly being — 
beaten in some areas, allowing 
astronomers to be able to retreat . 
into certified International Dark Sky 
regions undisturbed. All About Space 
visits 20 of them. @ 


6. Big Bend National Park 


Location: Texas, USA Area: 3,242km2/1,252mi2 

As soon as the Sun sets at Big Bend National Park, it's not just the many species 
of nocturnal life that come out, it’s also the night sky delights that permeate 
the black-as-coal skies. A remote expanse of desert, mountains, canyons, open 
floodplains and rapids, the park possesses some of the most enviable dark skies 
in the United States, certifying it as a location virtually free from light pollution 
and perfect for viewing astronomical events. 


Bortle 
scale 


Consisting of a nine-level 
numeric scale, the Bortle scale - 
named after creator, astronomer 
John Bortle - measures the 


Bronze 

Artificial light and skyglow: 
Greater artificial light and 
skyglow than the Silver tier, 
however, some natural sky is 
still visible. 


Silver 
Artificial light and skyglow: 
Sky not dominated by point 
light sources and glare from 
lights. Light domes around 

~~ horizon don't stretch to zenith. 


Faintest magnitude visible: Equal or 
greater than 6.8, with clear skies and 
good seeing conditions 

Bortle sky class: 1-3 

Observable objects: Full visible sky 
objects - eg Milky Way, zodiacal light, 
faint meteors 

Sky Quality Meter reading: 21.75 

or above 


Faintest magnitude visible: 6.0 to 6.7 
under clear skies and good conditions 
Bortle sky class: 3-5 

Observable objects: Brighter visible sky 
objects regularly viewed, with fainter 
ones sometimes visible. Milky Way 
visible in summer and winter 

Sky Quality Meter reading: 21.00 

or above 


80 


Faintest magnitude visible: 5.0 to 5.9 
under clear skies and good conditions 
Bortle sky class: 5-6 

Observable objects: Many sky 
phenomena difficult to see. However, 
Milky Way and Andromeda Galaxy are 
visible when pointed out 

Sky Quality Meter reading: 20.00 

or above 





night sky's brightness in a 
particular location, quantifying 
the observability of an 
astronomical object and the 
interference caused by light 
pollution. Bortle scale 1 relates 
to an excellent dark sky site, 
while an inner city sky is 
represented by Bortle scale 9. 
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7. The Headlands 

Location: Michigan, USA 

Area: 2.4km2/0.9mi2 

Located on the shores of Lake 

Michigan, the Headlands boasts the 
darkest of skies that will continue to be 
preserved into the foreseeable future. 
Astronomers are able to take part in 

the monthly free Dark Sky programmes 
and special events held along the coast 
that provide dazzling night skies for 
photographers, stargazers and night sky 
Val dalesyre ks) moore] com 
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National Monument 
Location: Utah, USA 
Area: 30.4km2/11.7mi2 
, 2. Goldendale Observatory _ , 
See ©, 
® Location: Washington, USA 
Area: 0.02km2/0.01mi2 
©, 3. Clayton Lake State Park ©, 
Location: New Mexico, USA ¥ 
, Area: 2km2/0.8mi2 
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9. Observatory Park 
Location: Ohio, USA 
Area: 4.2km2/1.6mi2 


wt ~ 


4. Death Valley National Park 
Location: California and Nevada, USA 
Area: 13,759km2/5,313mi2 


5. Chaco Culture National 
Historical Park 

Location: New Mexico, USA 

Area: 137km2/53mi2 


ee nine 


10. Mont-Meégantic National Park 


Location: Quebec, Canada Area: 58.5km2/23mi2 
This stunning Canadian park boasts the most important astronomical observatory in eastern 
Canada - Mont-Mégantic Observatory at the peak of Mont-Mégantic - as well as ASTROLab; an 
astronomy activity centre devoted to making science accessible. Mont-Mégantic offers Silver 
tier status dark skies of cosmic treasures above its mountainous terrain. 


Found in the Geauga Park District, one 

of the few regions left in Northeast Ohio 
that has not yet been severely affected 
by light pollution, Observatory Park offers 
several Seasonal programmes under its 
wonderfully dark, starry blanket. 









* 
Quality 
Nieter 


These handheld devices are capable of 
measuring the luminance of the night 
sky at your location. Measurements 
of 21.75 magnitudes per square 
arcsecond or above represent 

excellent night skies. 






























8. Cherry Springs State 
ae 

Location: Pennsylvania, USA 
Area: 0.5km2/0.18mi2 

An astronomer's paradise thanks 
to its 701-metre (2,300-foot) 
elevation atop the Allegheny 
Plateau, Cherry Springs boasts 
some of the best night skies of 
the USA's east coast. The park 
became the second International 
Dark Sky Park with good reason; 
it's so dark that the Milky Way 
casts a shadow and some 10,000 
stars are visible without aid. 
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Europe, Africa, NZ 


eel 
Location: Channel Islands 
Area: 5.4km2/2.1mi2 


Location: Namibia, Africa 
Area: 1,722km2/665mi2 


Area: 692km2/267mi2 


Forest Park 


Area: 1,500km2/580mi2 


Protection Area 
Location: Zselic, Hungary 
Area: 90.4km2/35mi2 
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Stunning southern sights 


Eta Carinae 
Nebula 
| (NGC 3372) 


/ nebula 


| Right Ascension: 


10h 45m 8.5s 
Declination: -59° 52' 04" 
Constellation: Carina 
Apparent Magnitude: +1 


Omega 
Centauri 
(NGC 5139) 
Object: Globular 
cluster 


Right Ascension: 


13h 26m 473s 
Declination: -47° 28' 46.1" 
Constellation: Centaurus 
Apparent Magnitude: +3.9 





SA 


2. NamibRand Nature Reserve 


3. Exmoor National Park 
Location: Somerset and Devon, England 


4. Northumberland National 
Park and Kielder Water 


Location: Northumberland, England 


5. Zselic National Landscape es; 
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7. Galloway Forest Park 
Location: Dumfries & Galloway, 
Scotland 

Area: 150km2/58mi2 

In November 2009, Galloway Forest 
became the first area in the whole 
of the United Kingdom to earn the - 
Status of being classed as a region with 
outstanding night skies. Owning a Sky 
Quality Meter reading of 21 to 23.6, 
Galloway Forest Park supplies near to 
total darkness despite the populated 
areas that surround it. 












6. Brecon Beacons 
National Park 


Location: Brecon, Wales 
Area: 1,347km2/520mi2 
Known for its mountainous peaks, the 
Brecon Beacons in south Wales was the fifth 
park to become an International Dark Sky 
Reserve in the world. The skies above the 
park see remarkably little light pollution, 
which has won it Silver tier status. Activity 
centres like Llanerchindda Farm (www. 
cambrianway.com) offer incredible dark sky 
Stays for stargazers. 


Large & Small : 
Magellanic ee ee 
Clouds sf . 


Object: Irregular 
dwarf galaxies 
Right Ascension (LMC/SMC): 
O5h 23m 34.5s/OOh 52m 44.8s 
Declination (LMC/SMC): 

-69° 45' 22"/-72° 49' 43" 
Constellation (LMC/SMC): 
Dorado and Mensa/Tucana 
Apparent Magnitude: +0.9/+2.7 


9. Pic du Midi International 
Dark Sky Reserve 

Location: Pyrénées, France 

Area: 3,112km2/1,202mi2 

Pic du Midi became France's first 
International Dark Sky Reserve at the 
end of 2013 and it has made every 
effort to protect its exceptionally 
dark night skies over the Pyrénées 
Mountains. With plans to install and 
maintain scientific instruments to 
monitor the quality of the night sky in 
the future and to expand the reserve 
into protected Spanish territory, 
HAUT aT ay aycam alr 4 SOYA (NVM TS 
location are guaranteed. 


Alpha Centauri 
Object: Binary star 
system 
Right Ascension: 
14h 36m 36.5s 
Declination: -60° 50’ 02.3" 
Constellation: Centaurus 
Apparent Magnitude: -0.27 
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S. 
..... Hortobagy 
- .-..| National 
a4 


Location: Hortobagy, 
ml Ulateze as 
Area: 100km2/39mi2 
The largest continuous 
“wee Bre Ole oreo 
| Europe is bound to be 
er Le ae open to incredibly dark 
ie alis4a1 ms] 4(eoM LUN] Bot 7 4216S 
being spoilt for choice 
on where to set up for 
a night's observing. 
Mae CM NALS) Roe (elm Ke) Bye) °AY 
National Park comes in, 
giving opportunities for 
amateur astronomers to 
grab stunning views of 
celestial objects, observing 
undisturbed under a night 
sky dotted with wonders. 


ith 
sky safety 


Consider your safety before setting 
out to a dark sky park. How flat is the 
terrain that you'll be walking across? Are 
there steps? Be sure to bring a mobile 
phone, food, drink and warm clothing 
for the cold night ahead. If you're 
camping, make sure that you've 
planned where you'll be 
pitching your tent. 


10. Aoraki Mackenzie International 

Dark Sky Reserve 

Location: South Island, New Zealand 

Area: 4,300km2/1,660mi2 

Possessing the title of the largest International Dark Sky Reserve 
in the world, New Zealand's Aoraki Mackenzie - comprising Aoraki/ 
Mount Cook National Park and the Mackenzie Basin - is almost 
totally free from the glare of light pollution with outdoor lighting 
controls minimising its effects for stargazers in the reserve and at 
nearby Mt John University Observatory. Increased efforts to keep 
light pollution to a minimum over the past several years makes it a 
top stargazing site. 
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Northern 


naked eye 
delights 


Andromeda 

Galaxy (M31) 

Object: Spiral 

galaxy 

Right 
Ascension: OOh 42m 44.3s 
Declination: +41° 16’ 09" 
Constellation: Andromeda 
Apparent Magnitude: +3.44 


Orion 
Nebula 
(M42) 
Object: 
, Reflection 
and emission nebula 
Right Ascension: 05h 35m 173s 
Declination: -05° 23’ 28" 
Constellation: Orion 
Apparent Magnitude: +4.0 


Triangulum 
Galaxy 
(M33) 
Object: Spiral 
galaxy 
Right Ascension: 01h 33m 50s 
Declination: +30° 39' 36.7" 
Constellation: Triangulum 
Apparent Magnitude: +5.72 


North 
America 
Nebula 


Object: 
Emission nebula 
Right Ascension: 20h 59m 171s 
Declination: +44° 31' 44" 
Constellation: Cygnus 
Apparent Magnitude: +4.0 
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© International Dark-Sky Association; Free Vector 
maps.com; ESO; NASA; Adam Evans; S.Brunier 
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With spring skies approaching, now's a good time to 
check out some of these late winter delights 


M51 The Whirlpool Galaxy Galaxy M106 


Viewable time: All through the Viewable time: All through the 
hours of darkness hours of darkness 
The Whirlpool Galaxy can be quite tricky to Laying in the constellation of Canes Venatici and 


find due to its fairly low surface brightness. It 
is probably the most famous such object in the 
night sky after the Andromeda Galaxy. It’s in 
fact two galaxies, face-on to us, which are 
gravitationally bound. The larger galaxy 
is pulling material from the smaller. } supermassive black hole at its centre 
It was first seen as a spiral object | that is eating stars at the heart 
by Lord Rosse of Birr Castle in y e NE , | . | 2 of this object. It is classified 
Ireland in 1845. It lays some | : as a ‘Seyfert II’ galaxy and 
23 million light years | is as luminous as the 
EVEN maces mb Ese Andromeda Galaxy. 


not far from the Whirlpool Galaxy is the often 
overlooked galaxy known as M106. A small telescope 
will show it as a faint smudge of light with a 
brighter core. It lays around 25 million light 
years away and is thought to contain a 























a 
/ 
. Borealis 

a a 

Ca Venatic 

es, he 
\ 
/ fs 
Céona Berenices — 
Lao Minor 
Pees oe 6 
Galaxies M95 The star 


and M96 


Viewable time: After dark until 
the early hours 

A small telescope will pick up these two 
distant galaxies in the constellation of Leo 
as faint smudges of light. M95, the fainter of the 
two, is a barred spiral galaxy catalogued by Charles 


PN rice 
Viewable time: After dark until 
the early hours 

Alphard is an interesting star and it is 
easy to spot. It lays in the constellation of 
Hydra the Water Snake and its name means the 
‘solitary one’. This is because it is the brightest 


Messier in 1781. A supernova was discovered in the star in an otherwise barren star field. It’s a giant 
galaxy in March 2012. Its near neighbour M96 is a Northern star with a distinctive orange colour to the 
double-barred spiral galaxy laying at an angle of 53 tery ha naked eye. The famous astronomer Tycho Brahe 
degrees to us. A supernova was also discovered in in the late 16th Century described it as ‘Cor 
this galaxy in 1998. It lies 31 million light years away. Hydrae’, the ‘heart of the snake’. 
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e @ What's the time and date? 
The time that you started the evening's 
session and date are important to 
record. Additionally, making a note of 


your location, whether it is your front 
and back garden, a different country or 
even a new place that you're observing 


Recording the observations you make not only from with an astronomy club or society 
helps you to learn about the night sky, it will also i oo tee 
hold your fondest memories. This guide will show eee 
you how to keep your very own logbook 


up your equipment for the night, too. 
If you've looked through the eyepiece of a telescope 
or those of a pair of binoculars, you most likely 
have a favourite night sky object that leaves you 
in awe time and time again. You remember what 
the object is, what type of instrument you used to 
observe it, you have an obvious recollection of how 
you felt when you first saw it hanging in the sky and fest a0 
probably how cold you felt in the night air, rubbing -—.* 
your hands together to keep them warm as you ‘\, oe 
changed your telescope’s eyepieces. However, you ' 
only vaguely remember what time and evening you 
first clamped eyes on your favourite object. This is 


a, 


au * 





where the logbook can become an astronomer's best , wi al e : NN 0 , 
friend as it stores the fiddly little details that you're ew” ; | Thid 
most likely to be struggling to remember right now. S p i ee = a + 
Your sessions under the stars have the scope to rl hw 4 ( 
become a book of memories, which, over time, will aa o” » f 
allow you to gain familiarity with the treasure trove ¥ ae ' < : 
of objects held by the night sky. Keeping a logbook pee t 
not only allows you to relive your most memorable td - - ’ On 


experiences, but it also allows you to relocate objects, 
document any unusual sightings and even predict 
patterns in what our universe has to offer. As well 

as being of sentimental value, your logbook might 
be useful if there's a gap in the data of a professional 
astronomer or researcher. 

So what information do you need to keep in a 
logbook? Choose a notebook, diary or even computer 
software and read on to start making the most out of 
your evenings under the stars. @ 


cna ; N ‘ \ v: | 





What's the weather like? @ 
Add details about the local 
weather conditions and the 
percentage of cloud cover as 
well as the presence of any 
mist, fog, snow and high level 
clouds. Also include details on 
how good the ‘seeing’ - the 
clarity of the night sky - is, as 
summer haze, light pollution 
or atmospheric turbulence 
can all affect how well you 
observe your target. Including 
little things that you wouldn't 
expect to add can give your 
logbook a personal touch. 
Information about who you 
are observing with and heavy 
frosts as well as tidbits about 
your environment such as 
any nocturnal animals, human 
noise, light pollution, meteors 
or any other atmospheric 
phenomena will only add to 
your recordings. 





86 www.spaceanswers.com 








STARGAZER 


Keeping a logbook 


“Your sessions under the stars 
have the scope to become a 
book of memories 


ck 5 : ae, 
oer K J \ 4 canes’ ss 





® What am | looking at? 
It seems obvious, but your recordings into your 
logbook are focused around your target object. 
Including a sketch or image along with where 
they are in the sky detailing the constellation 
and/or right ascension and declination will make 
relocating the object much easier. Be sure to also 
“~ note the brightness and structure of your target. 
If you are hunting for a comet it is important 
to make a note of sections of sky you sweep 
through noting any star clusters, Messier 


c 
4h .o* 
< 





con? 


© 
_aill 
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® What instrument am | using? 

Whether you're peering through a telescope, 
binoculars or the unaided eye, making a note 
of your observing instrument will help you 

gain some familiarity of what object requires 
which tool, making sure that you're well 
_ equipped when it comes to observing the 
object again. 


focal ratio or length, eyepieces used, 
magnification, apparent field of view 
(FOV), plus comments on the accuracy of your 
motor drive or GoTo encoders or drives, can only help when 

it comes to considering your instrument's performance and 
whether you need an upgrade. If you're an astrophotographer, 
be sure to keep notes on camera settings and exposures. 








Keeping note of your telescope's type, 


objects or other objects that you have 
never encountered before. In general, 
anyone hunting for objects such as 

supernovae, novae, comets or 
variable stars must document 
precise details of everything 
they see and do. 





Using 
software 

to log your 
observations 


If keeping a diary the old-fashioned 
way isn't for you, then there are several 
software suites which not only allow 
you to record your observations but 
also have some bonus features such 

as displays of objects that are visible at 
your location, viewing photographs of 
galaxies, nebulae and other objects or 
even creating star charts and other finder 
charts. Examples of such observation 
planning software are the Deepsky 
Astronomy Software or AstroByte. 

The advantage that this night sky 
software has is that it allows you to 
locate and plan your night of observing 
before you set foot outside, meaning 
that your observing sessions are more 
productive, allowing you to get down 
to observing straight away instead of, 
perhaps, blindly trying to locate an 
object. If you have a GoTo telescope, you 
can even let this type of software direct 
your telescope to any object of your 
choice while keeping track of any notes, 
photographs or sketches that you make. 


© NASA 
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Send your astronomy photos and pense. S i. : -_" 
. of you with your télescope to Ne "4 —— 9 
spaceanswers.com and we'll showcase yi &. 
them-every issue * : | 
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Ocala, Florida 
Telescope: Eight-inch aia aA Chrétien 

“started my hobby in a ae when'l bought bs o 
an eight‘inch SkyWatcher SCT in July 2009.1 «* 
started imaging in January 2010 using a Nikon D40 
and I now use a cooled QSI CCD camera where I 

| image from my light-polluted backyard of central” 

Florida. These images were taken using a OSI 683 wsg-8 cooled CCD 
camera and an eight-inch Ritchey-Chrétien with a focal length of 





1,625mm. I took these images using four different filters: hydrogen- " - \ 4 . 7. a } 
alpha for detail and RGB filters for colour.” . oi ; a — 
. "lie ; a 
1. The Tadpoles of IC 410, Auriga constellation ° : - - . 
2. Melotte 15 in IC 1805, Cassiopeia constellation = P a 


3. Horsehead Nebula, Orion constellation | - - 


- 
www-.spaceanswefrs.cor 



































ey Be TS a ; 

eam Amt am 0) Ora Colville 
Telescope: SkyWatcher 150P OSA Ela ste tiem 0) 64 
“T took this image of Jupiter in December 2012 using a Philips Telescope: SkyWatcher 130P AZ GoTo 
SPC9OO PC webcam through a 3x Barlow lens attached to my “The joy I get out of astrophotography and the images I manage 
SkyWatcher 150P. It consists of roughly 3,000 frames of video to take make me very happy. They show that you don't need to 
footage. The frames are then aligned and stacked to create spend a fortune to get excellent shots. For my Moon image, I used 
the final image followed by some tweaking and sharpening in ' amodified Xbox webcam on the SkyWatcher 130P AZ GoTo and 

Photoshop. Three of Jupiter's moons are also visible; from left to right we have * set it tracking. I also ran a free program named SharpCap and 

Callisto, Io and Ganymede. I think this method is a great way to show what can connected the webcam to an old eyepiece base. I've had many failures where I was 

be done using relatively inexpensive equipment.” forced to redo my images, but it’s a great learning curve.” 








WE Ve elem be 

? County Durham, UK 
Telescope: 
Celestron 102GT 

“T took my initial 
tentative steps into 
astrophotography 
when I captured 

my first image of Jupiter in 2012. . 
November the following year I, rather 

ambitiously, imaged the Orion Nebula 

(M42). This shot was taken with a 

Canon 600D DSLR camera at prime 

focus to a Celestron 102GT refractor —— 

telescope and 60x10 second images 
were stacked using DeepSkyStacker 
software. Additionally, I added in 

20 dark frames. I believe this image 
shows what is possible from a back 
garden in a light-polluted town, with a 
bit of perseverance, trial and error and 
loads of enthusiasm.” 





Send your photos to... ©) @spaceanswers © photos@spaceanswers.com 
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stargazing 
stories 


Email the story of how you got 
into astronomy to photos@ 
Spaceanswers.com for a chance to 
feature in All About Space 


Dave Eagle 


Location: Higham Ferrers, Northamptonshire 
, Info: An amateur astronomer for over 43 years, astroimaging 
se) for over 27 years 
Twitter: @DaveEagle45 
Current Rig 
= Telescope: SkyWatcher 190 Maksutov-Newtonian, 
80mm refractor 
» Mount: SkyWatcher EQ6 
"| Other: Nikon D5100 DSLR, webcams and an AstroTrac 


2) 


“Time exposure as dome 
turned to make it look 

We Dals) oe ca elm roel ice Veh m nore) 
garden shed hands down” 


gece B yg: oli 
pollution, with care it 
is still possible to take 
stunning astro images” 


“ISON may not have been 
the ‘Comet of the Century’ 
but Lovejoy C/2013 R1 was a 
fabulous binocular object” 





“I have always held a real fascination 
for the night sky after a false start 
thinking the Pleiades was the 
Plough and I eventually learnt the 
constellations. After a lull in my 
teenage years, and bringing up a 
family, the appearance of Halley's 
Comet reignited that passion which 
has since burned so brightly. 
“Founding Bedford Astronomical 
Society in 1987, I made some 
wonderful friends, discovering other 
people who also, quite crazily, spent 
cold lonely nights out in the dark. 
Learning from others kick-started 
my own astroimaging journey. I 
have produced a monthly sky diary 
- ‘Eagle's Eye On The Sky’ - since 
those early beginnings and have 
expanded it in the past few years to 
a full graphics PDF version. I held 
the post of handbook editor for the 


Dave's top 3 tips 


2. Join your local 


1. Explore your 


telescope's astronomical 
capabilities society 

When you get your If your local astronomy 
first telescope, it is society doesn't hold 
easy to fail to identify events you like, offer to 
its true capabilities. organise them yourself. 
Set it (and yourself) Get involved. It's 


some challenges. 


90 


extremely rewarding. 


Federation of Astronomical Societies 
in the early-2000s, was proud to have 
been elected a Fellow of the Royal 
Astronomical Society and have just 
published my own book. 

"I love observing trips with like- 
minded friends to darker sites like 
Tenerife, away from most light 
pollution, where the stars, Milky 
Way and even the zodiacal light are 
stunning. I am a regular attender of 
the Autumn Equinox Star Party at 
Kelling. We all hoped that ISON was 
going to be the ‘Comet of the Century’ 
late last year. ISON may not have lived 
up to the hype, but it was still a very 
interesting object. We learnt a lot from 
its demise, so we will hopefully be 
better prepared for the ‘next big thing’. 
I certainly will be out there trying to 
record what happens. So, just make 


sure that you keep looking up!” @ *A gorgeous open cluster of stars 


| andkits asso@iated nebulosity” 


3. Take your time 
Astronomy can be 
frustrating, observing 
in extreme cold and 
seemingly endless 
cloudy nights. It’s not a 
race, so relax and enjoy 
your hobby in a manner 
that pleases you. 


* 





Dave Eagle and two 
friends enjoying the dark 
skies in Tenerife 
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“Waning gibbous Moon in 
Deol eRel coum i sien 
our. Canon 600D attached to 
POA hice) (3 late) a 
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“My husband, Simon, 
shooting the Moon at East 
Lodge beside our 12in 
Dobsonian telescope” 


“The Sun in January 2014 using our Canon 600D 
which was attached to our Maksutov telescope 
(fitted with a Baader Solar Film Filter)” 





A long exposure of a windy | 
ISS pass, captured in April 
2013 and mapped by COGS | 


stargazing stories 


Sarah Fisher 





Current Rig 


"My interest was fuelled by my 
husband Simon's knowledge of 

the night sky, constellations and 
Moon phases - he is like a walking 
planisphere! But we both attribute our 
passion to the late Sir Patrick Moore 
- we remember watching The Sky At 
Night from a very early age. Patrick, 
ultimately, was our inspiration for 
learning and observing our beautiful 
night sky. 

“Over the years, we've owned a 
number of telescopes - currently we 
have four. Beginning initially with 
a simple digital camera, we began 
afocal astrophotography; the results 
were super, but we have now moved 
on to prime focus shots with our new 
camera, a Canon 6O0OD. Last year, we 
began imaging the Sun using a simple 
homemade Baader Solar Film Filter on 
our Maksutov and now we are saving 
up for a solar telescope. 

“Living in a built-up area, we are at 
the peril of light pollution. However, 





Location: Bromsgrove, Worcestershire 
Twitter: @larlarl1971 
Info: Astronomer for four years 


Telescopes: Maksutov 127mm, Dobsonian 12in, Vixen 80mm, 
AstroMaster 114mm 

Mount: SkyWatcher SynScan GoTo 

| Other: Canon 600D 


we have found a number of ideal 
dark sites all within a 20-minute 
car journey. Our favourites are East 
Lodge and Frankley. To date we have 
photographed our Moon, Jupiter, Mars, 
Mercury, Saturn and Venus and, in 
2013, we began solar imaging and 
also captured the International Space 
Station, the Milky Way, star trails, 
galaxies and planetary conjunctions. 
“We were lucky enough to be 
tweeted from space by Commander 
Chris Hadfield while he was on 
board the International Space Station. 
Tweeting one of our ISS captures 
to him, we asked (on Twitter) if the 
crew had been waving back at us and 
he replied that they had! Over the 
Summer months of 2013 we completed 
the Moore Moon Marathon and some 
of our Moon shots were included 
on the November Sky At Night 
programme. The team sent us a signed 
copy of a Sky At Night book which 
was fantastic!” @ 


Sarah's top 3 tips 


1. Use an ISS 


2. Take ISS test 
spotter app shots 


These are pretty accurate. Start with an aperture 


3. Make final 
adjustments 
Try to spot the ISS as 


Be sure to set up atleast of f8 to f9, ISO settings soon as you can and then 
ten minutes before the of 400 or 500 and 20-25 make any adjustments 
seconds exposure time to position. That way, the 
ISS will pass within time 
and in frame! 


pass. Lock tripod, set 


DSLR to ‘Manual’ andthe (for light trail capture). 
self timer to two seconds. Take test shots. 


wr 


Sarah solar imaging, using 
asimple digital camera and 
Maksutov telescope fitted 
with a homemade solar filter 
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STARGAZER 
Telescope advice 


Guide scope 

The f5, 60mm guide 
scope, suitable for 
tracking stars, makes 


o>. this telescope an 
NWT eae lesa deel = excellent choice for 


Sh dco area aaa lee 1(e)y astrophotographers. 
provides this refractor 
Vita Re: AOL Lom Warm eC) ela 


to corrosion, long-lasting 


nee eee Dark Matter 
SOED 


Top-notch observing quality 
meets outstanding design 
with this refractor 


Aperture 
An 80mm 
aperture combined 
with a selection of 
eyepieces provides 
Feels) s)iar-id(e)am cele 
> Car=| (Samat ee 






| i _ | iy 
chromatic aberration, which definitely 
Telescope made for better viewing through the 
e eyepiece when All About Space gave 
advice this telescope a try. 
Cost: TBA Astrophotographers will be 
From: www.moonrakertelescopes. delighted with this so-called ‘Dark 
co.uk Matter’ model since it sports an £5, 
Type: Refractor 60mm guide scope for tracking stars, 
Aperture: 80mm making this an excellent choice 
Focal length: G(Omm for keen imagers. What's more, the 
A gorgeous chrome telescope that’s exquisite optics provide crisp, clear 
the latest in a line of such refracting shots of celestial objects. Refreshingly, 
telescopes from Mark Turner its finder scope is already calibrated, 
at Moonraker Telescopes. This meaning that there’s no danger of 
80mm-aperture scope features ED, knocking it loose and having to restart 
or Extra-low Dispersion, glass in its the whole alignment process again. 
lenses. Refracting telescopes, which Moonraker telescopes are bespoke 
use lenses to focus light, often suffer and built to order, but don't expect the 
from something called chromatic complete package. Mounts, tripods 
aberration, where different colours of and eyepieces are not included but 
light come to focus at slightly different having said that, these telescopes are 
Featuring Extra-low , points, creating fringes of colour built for observers who have a love of 
toe (ED) glass ‘ around the celestial object you are good optics, beautiful telescopes and 
es pa pg viewing. By reducing the dispersion of who are willing to shell out a bit more 
chromatic aberration, or . 
colour-fringing’, at bay the colours, more of the light focuses on an instrument that not only works 
at the same point, eliminating the well but looks fantastic too. @ 
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Ixen NLV series 


Cost: £115-£198/$189-$325 

From: www.opticron.co.uk 

These Vixen eyepieces not only 

make looking through a telescope 
comfortable, but they provide a stellar 
view through special Lanthanum 
glass, which make for high contrast 
and clear images. The two we tested 
out, the 25mm and 40mm focal 
length eyepieces, provide lower 
magnification but wider fields of view, 
ideal for gazing across large star fields, 
nearby galaxies or nebulae. However, 
the range comes in all sizes, from 
high magnification 2.5mm eyepieces, 
useful for scrutinising close detail on 


the surface of the Moon or the planets, 


for example, all the way up to 50mm. 
These beautifully finished eyepieces 
are not flimsy by any stretch of the 
imagination and, combined with 
their flawless glass, will provide any 
astronomer a worthy and long-lasting 
arsenal for observing all manner of 
night sky objects. @ 
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Cost: £15.15/$24.95 
From: www.haleoptics.com 
At first glance, Sport Optics: 
Binoculars, Spotting Scopes & Rifle 
Scopes looks better placed in the 
hands of a birdwatcher or hunter 
rather than an astronomer. But this 
XMM AGIAKIEMO) MAU EDOM ell (cmpieeentcs 
president of Celestron, has provided us 
with a wealth of useful and practical 
information surrounding binoculars, 
spotting scopes and rifle scopes. With 
the author having belonged to the 
optical industry for over 50 years, 
mastering the art of selling and 
designing optical instruments, you 
really can't go wrong with this book 
as Hale comprehensively surveys the 
issues involved in choosing optics; 
providing his know-how on a variety 
of instrument types and doing so by 
ensuring that any technical content is 
reader-friendly. However, one criticism 
is that the book's layout almost seems 
like an afterthought. @ 
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Astronomy 
kit reviews 


Must-have products for budding and 
experienced astronomers alike 
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Five Billion Years 

Of Solitude 
Cost: £17.26/$27.95 
From: www.amazon.co.uk 
Written by Lee Billings, this book 
takes readers on a fascinating journey 
in “the search for life among the stars”. 
Beginning with the formation of Earth 
and our place in the universe, Billings 
guides the reader on an enlightening 
and thought-provoking tour across 
all aspects of astronomy, exobiology 
and futurology in the context of our 
hunt for alien worlds. Interspersed 
with interviews with leading names 
in astrobiology and planet hunting, 
Billings weaves an incredible tale 
with the help of insightful anecdotes 
into the state of searching for 
extraterrestrial life today, and how life 
on Earth fits into the grand scheme of 
things. This is one of the best space- 
related books we've read, and it comes 
highly recommended from us for 
readers looking to get an insight into 
this niche area of science. @ 
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Canon EOS 5D Mark III 
Cost: £2,299/$3,399 
From: www.wexphotographic.com 
Mark Gee, the winner of 2013's 
Astronomy Photographer of the 
Year competition, employed the 
Canon 5D Mark III to snap his image 
entitled ‘Guiding Light to the Stars’; 
an image of the skies that hung over 
the southern hemisphere when he 
got behind the lens of his winning 
shot. Need we say more? This DSLR 
camera might have a hefty price tag, 
but it’s certainly worth every penny. 
AYVaied n= We 20) 0 Con e-l en omeemm rane (orez 18) D.Col| 
CMOS (complementary metal oxide 
semiconductor) chip, ideal for 
capturing a wide field of view so 
astrophotographers can fit that large 
galaxy, nebula or area of the Moon in 
one shot. It performs incredibly well 
with a huge ISO range and quickly 
Saves to a memory card that allows for 
rapid imaging of exposures - so you 
can beat those pesky clouds before 
anvajelmentemuaia | 
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£300! 


A PAIR OF VISIONARY 
BINOCULARS . 


We've got a fantastic pair of Visionary 











binoculars up for grabs this issue 


Courtesy of the fine folks over at Optical Hardware (www. 
opticalhardware.co.uk) we've got a pair of Visionary HD-T binoculars for 
you to win this issue, worth a whopping £300! 

These triplet binoculars boast high-quality optics, BAK4 prisms, fully 
coated lenses, long eye relief and a rubber armour body for the ultimate 
astronomy experience. 





To enter, all you have to do is answer this question: 


A: Exoplanets B: Notsoplanets C: Whatsaplanet 


Enter online ele spaceanswers.com/ esr yeaele ley ets Visit the website for full terms and conditions 


Galloway Astronomy Centre 


_ Your Guide to the Night Sky for 10 years Skywatcher and Celestron Telescope Dealer 
| 


lf you are inspired to learn more about the 
night sky, let us show you the wonders of the 
Universe from the UK’s darkest skies. The 
Planets, Star Clusters, distant Galaxies and 
even an Aurora are waiting for you. 
Suitable for all levels of experience. 
We offer: 
¢ Telescopes up to 400mm 
aperture 
¢ Beginner Courses 
¢ B&B style accommodation 


and evening meals 
¢ Stargazer Gift Vouchers 


Prices from £26 pppn 


Contact - Mike Alexander EBRA ty 
Craiglemine Cottage, vv 4 


G 
Glasserton. ‘ / , 
Dumfries & Galloway, . 


DG8 8NE ut L 
Tel: 01988 500594 a 
enquiries@gallowayastro.com 
www.gallowayastro.com 


ROCKETS & THINGS 





Supplying all your rocket needs for 12 years 


& counting. From model rockets to providing 
everything you could need to fly rockets. 


ROCKET ROCKET 
ha a CLS PARTS 


rocketsandthings.com _. 


Rocket motors ° Rocket kits - Rocket parts 
HPR « Recovery ° Electronics 
Ground support ¢ Flight support « Literature 


We stock « ACME Aerostructures « Aerotech 
BSD Rocketry * Cesaroni > DYNA-STAR ° Estes Rockets 
Fliskits ¢ G-Wiz Flight Computers - JB Weld 
LOC Precision ¢ Orbital Engineering ¢ PerfectFlite 
Pratt Hobbies ¢ Rebel Rocketry ° Rockets & Things 


Rowes Retainers ¢« The Launch Pad 


16 Breydon Walk, Furnace Green, 
Sussex RH10 6RE 
Mobile: 07973 545475 
Tel/Fax: 01293 517857 
Ama H soak Carey re 


www.spaceanswers.com 








One of the UK’s most popular 
and longest standing providers 

of astronomy distance learning 
courses. Choose from five 
separate astronomy courses, 
suitable for complete beginner 
right through to first-year 
university standard, including 
GCSE Astronomy. A certificate is 
issued for each completed course. 
You will find a complete syllabus 
for each of the courses available, 
along with other details about 
each course, and the necessary 
enrolment information on our 
website. There is a ‘Student 









Feedback’ link where you can Astronomik, , Baader, P 
view some of the unsolicited Celestron, , Fornax, ’ 
comments we have received from Moravian Intruments, , Luni, 

past students. We pride ourselves on being accessible and flexible and : von ewo nn 


offer very attractively priced services, of the highest standards, and we 
work hard to provide you with what you want. Of paramount importance 
to us is the one-to-one contact students have with their tutor, who is easily 
accessible even outside of office hours. Planet Earth Education’s popularity 
has been growing over many years with various home educators who have 
used our courses in the education of their own children, many obtaining 
the GCSE Astronomy qualification, a recognised science qualification. 


and many more! 


Courses available for enrolment all year round. 


Sp MAS IKOLiy 
“ Centre Dinterest 


SHOWROOM OPEN 6 DAYS A WEEK & ONLINE 24/7 


“ Great prices v Friendly service “ Beginners Welcome 
’ Leading Brands Free Delivery (ux onty) 


SCELESTRON: Sky-Watcher’ (Caza a . TPs i belie ihe) eye) 
Operon eaeues Vixen EEE ee il = BINOCULARS 
£49.99! 


Ys Find us on — a : ae 
€ wees Bd Facebook PU = 8 6S gear 





& SONY T RINGS 


Pe ic 
Sky-Watcher 


ot oe ee | 


FULL RANGE 
from £13.99 


SPECIAL 
OFFERS! 


ye ee a 


Wiens TORCHES 5 AMP 12 VOLT 
£12.95 £26.99 


Unit 15 The Old Silk Mill, Brook Street 
Tring, Hertfordshire HP23 SEF 


OA Aas 


www. tringastro.co.uk enquiries @ tringastro.co.uk 


Call bate tet wide 5PM six days 


Offers subject to availability & prices subject to Change without prior notice 
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Webb became 
NASA’s second 
administrator on 
14 February 1961 





James E Webb 


The man who ensured NASA 
landed on the Moon 


James Edwin Webb was the NASA 
administrator during one of the most 
pivotal eras for America's space agency 
from 1961 to 1968. He oversaw the 
build-up to the manned lunar missions 
and is responsible for ensuring NASA 
was adequately funded and supported 
during the Sixties. He was, however, 
somewhat of a reluctant hero that 
found himself running an agency he 
had previously had little interest in. 

Born on 7 October 1906, Webb 
would go on to enjoy a long and 
fruitful career in public service in the 
Thirties and Forties as a politician and 
bureaucrat. In 1953, with the end of the 
Truman administration, he began to 
shy away from governmental roles in 
favour of private firms and trusts. 

In early 1961, however, he received 
a call asking him to attend the White 
House to discuss the possibility of 
him becoming NASA administrator. 
Webb was concerned; he had little 
knowledge of matters relating to space 
travel and, although he knew many 
of the senior figures at NASA, he did 
not feel entirely comfortable heading 
up a national civilian space agency. 
“Tt seemed to me someone who knew 
more about rocketry, about space, 
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would be a better person,” Webb said 
in an interview with the Lyndon B 
Johnson Library on 29 April 1969. 
President Kennedy, however, made 
it clear to Webb that this would be a 
job relating very much more to policy 
rather than rocketry. He accepted, and 
began the job on 14 February 1961. 
His expertise in dealing with Congress 
would be vital in keeping funds 
flowing while NASA shot for the Moon. 
He recognised the importance of 
building an infrastructure within 
the US that would enable not only 
missions at the time, but in the future 
too. He had NASA working across the 
country with various industries, and 
it was decided that Cape Kennedy in 
Florida, now Cape Canaveral, would 
become the centre for launches. His 
work in this regard made NASA into 
the national powerhouse it is today. 
Webb also fought to make sure 
NASA did not focus solely on landing 
men on the Moon. He wanted NASA to 
remain committed to other scientific 
missions, including sending probes 
to Mars, to keep a balance within the 
agency that is still apparent today. 
His key goal, though, as dictated by 
President Kennedy and later President 





Johnson, was to beat the Russians to 
the Moon. In the Sixties he stepped 
up efforts to make sure the goal was 
achieved by ordering the construction 
of powerful boosters - the Saturn 
rockets - and capable spacecraft - 
Mercury, Gemini and Apollo - under 
the direction of Wernher von Braun. 

In 1967 he experienced possibly 
the worst moment in his career when 
Apollo 1 caught fire in a launchpad test 
on 27 January, killing its crew of three. 
Webb was vilified both in the press 
and in government, and he took much 
of the flak for the tragedy. 

When President Johnson told 
Webb that he would not stand in the 
presidential election of 1968, however, 
Webb decided to also step aside and 
let a new administrator come in under 
a new president. He left his position on 
7 October 1968, just over two months 
before Apollo 8 took the first humans 
to the Moon. Webb would remain in 
Washington DC, working on several 
advisory boards, before his death on 
27 March 1992. 

He left NASA in a strong position 
that enabled it to carry out six 
successful manned missions to the 
lunar surface and, today, it remains 
arguably the world's greatest space 
agency. In October 2018 NASA's James 
Webb Space Telescope will launch, 
almost exactly 50 years after Webb left 
the agency, a lasting legacy to the man 
who gave NASA the foundations on 
which it could lead the nation’s efforts 
to explore the cosmos. @ 
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Gravity: The Most 


Dominant Force 1n 
the Universe? 


Gravity rules the universe. It governs the rising and falling of 
tides, and it holds celestial objects in their orbits. Without it, 
everything would dissolve into a gas of randomly interacting 
atoms. Yet gravity is one of the least understood forces in nature. 


Black Holes, Tides, and Curved Spacetime introduces you to 
key ideas in gravity research over the past 400 years. Your guide 
through these 24 awe-inspiring, illustrated lectures is Professor 
Benjamin Schumacher of Kenyon College—a prominent 
theoretical physicist and a protégé of John Archibald Wheeler, the 
gravity theorist who first coined the term “black hole.” 


Offer expires 07/04/14 
0800 298 9796 


WWW.THEGREATCOURSES.CO.UK/5ABS 





LECTURE TITLES 


The Strangest Force 

Free Fall and Inertia 

Revolution in the Heavens 

Universal Gravitation 

The Art of Experiment 

Escape Velocity, Energy, and Rotation 

Stars in Their Courses—Orbital Mechanics 
What Are Tides? Earth and Beyond 
Nudge—Perturbations of Orbits 

10. Resonance—Surprises in the Intricate Dance 
11. The Million-Body Problem 

12. The Billion-Year Battle 

13. From Forces to Fields 

14. The Falling Laboratory 

15. Spacetime in Zero Gravity 

16. Spacetime Tells Matter How to Move 

17. Matter Tells Spacetime How to Curve 

18. Light in Curved Spacetime 

19. Gravitomagnetism and Gravitational Waves 
20. Gravity’s Horizon—Anatomy of a Black Hole 
21. Which Universe Is Ours? 

22. Cosmic Antigravity—Inflation and Dark Energy 
23. The Force of Creation 

24. The Next Revolution 


CO So on ie 


Black Holes, Tides, and Curved Spacetime: 
Understanding Gravity 


Course no. 1231 | 24 lectures (30 minutes/lecture) 


SAVE £30 


DVD £54-99 
+£2.99 Postage and Packing 
Priority Code: 96470 


Designed to meet the demand for lifelong learning, 
The Great Courses is a highly popular series of 
audio and video lectures led by top professors 

and experts. Each of our nearly 500 courses is 

an intellectually engaging experience that will 
change how you think about the world. Since 
1990, over 14 million courses have been sold. 


The Great Courses®, Unit A, Sovereign Business Park, 
Brenda Road, Hartlepool, TS25 1NN. Terms and conditions 
apply. See www.thegreatcourses.co.uk for details. 
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F ‘' Available to 4 from Apple + . 

; ees e.apple.com/uk. 0/Celestron130SLT, - | 
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ae Asien NexStar 130SLT computerised eee aoe 
‘SkyQlink WMC es adajter'to allow you to control your viewing from 
your iRad?, AMIS roll delohceltlelake , 


Input the date, iat and your location.and every ae ae 1m] aby 
® three bright celestial objects and by using-the SkyQ app on your iPad® 
‘or iPhone® you vVaID automatically be able to carry out an accurate align- 4 
ment; allowing you to find stars, planets, constellations and nebulae easily# 
oY calling, them up on the app, which.is a ie download with the package. 


, “ii * F AIG acehela reflector telescope boasts a 5-inch aperture, providing spectacular 
| __ views of the night sky. The two included eyepieces give you 26x and 72x magnification of 
your subject, which you ely capture in a photo using the Pees T2 Canon DSLR aes - 


The Clestron Nexstar 130SLT earn cel telescope and SkyOlink wireless adapter package is available to purchase at the Apple Online Store 
throughout Europe, as well as being able to download the SkyQ app separately on your iOS device via the App Store. For more information on 


all of the above please visit store.apple.com/uk/go/Celestron130SLT 





